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GENERAL SPRAYING PRACTICES

By A. Robert Thompson, Forester.
Part G of Chapter III, Standard Prectioces

Tree Preservation Bulletin Series

Introduotion

The control of insects and diseases which attack the shade
trees and shrubs in eastern national parks, monuments, and ceme-
teries is one of the most important and persistent tree preser-
vation problems which faces the Service. To facilitate control
operations several high-powered sprayers have been acquired re-
cently and are strategically located so that each may serve a
number of parks.

The ramifications of the fields of entomology and forest
pathology are, of course, too broad to be more than mentioned
in this short publication which was prepared to give eastern
National Park Service field officers a brief summary of modern
spraying practices used for the control of insects and diseases
affecting ornamental trees and shrubs.

There is no claim for originality in the presentation of
this material; indeed, all available sources were consulted in
an endeavor to assemble the best and most recent information on
the subject. Grateful acknowledgment is made of the valuable
criticism and suggestions given during the review of the manu-
script of this bulletin by the Bureau of Entomology and Plant
Quarantine of the U. S. Department of Agriculture, and by Mr.
Norman Armstrong and Mr. Theodore Reuman, Arborists.

It will be noted that much of the information is briefed
and that many common pests have been deleted in the control
charts. Data concerning spraying equipment have also been omit-
ted. These ocondensations and omissions have been deliberate in
an attempt to present sufficient practical information in con-
cise form to enable field officers and technicians to solve pest
control problems which affect the ormamental trees and shrubs
which are oonsidered most important fromaneastern Park Service
viewpoint,

Those interested in more complete information will find a
list of references at the end of this bulletin. It isurged that
field officers make fullest possible use of such collateral mate-
rial and also that they communicate with the Branch of Forestry
on special problems. As knowledge of Park Service pest problems
increases control charts will be modified. It is also planned
that a number of bulletins to be issued in the Chapter II series
will give more complete information regarding the most important
ingects and diseases affecting eastern National Park Service
Areas.



Section I. Insect Control

Years ago, before natural ecological relationships had been
disturbed to any great degree, there were comparatively few in-
sects whose depredations seriously affected mankind from an ec-
onomic standpoint. However, as the balance of nature gradually
was upset in many ways normal insect control factors also were
changed so that today one of the most serious problems facing us
is the control of countless varieties of insects. The problem
has been accelerated by the introduction into this country of
many exotic forms of plant material which carry insects and dis-
eases of minor importance in the country of origin but which
under our conditions often become serious if not fatal enemies
to our vegetation.

In order to combat the attacks of insects several methods
of control have been developed. Among the methods which have
been successfully used are spraying and dusting from both the
ground and from airplane, trapping, poison baiting, repelling,
gassing, and the dissemination of natural enemies and parasites.

The type of control with which we are immediately concerned
is the application of chemicals which have been found effective
when used as insecticides.

Types of control materials

Materials may be divided into six general groups according
to the method in which they are used to control insects. These
groups and their uses are as follows:

l. Stomach poisons.--These are used to combat insects
which feed by chewing and swallowing their food. They are
applied as sprays or dusts to food plants prior to or dur-
ing feeding periods.

2. Contact insecticides.--Such materials are used to
combat insects which feed by sucking plant juices. They
may be applied as spreys or dusts directly to the insect
in egg, larval, pupal, or adult stages.

3. Fumigants.--Gas-forming materials which kill in-
sects by fumes. Usually they are used in confined places.

4. Repellents.--Such materials are used to prevent
ingects from alighting upon or feeding upon trees or from
ovipositing. Repellency may be due to odor or physical
character such as stickiness.

6., Attractants.--These are materials which are especi-
ally attractive to insects. They are used commonly in poi-
son baits.

6. Spreaders, stickers, wetting agents, etc.--Such
materials are used with insecticides to increase the effec-
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tiveness of the insecticides by making them stick, wet, or
spread better. Wetting agents increase the efficiency of
contact sprays, and stickers and spreaders are useful with
stomach poisons.

Stomach poisons

Lead arsenate.-~For Park Servide purposes lead arsenate
may be used generally for the control of leaf-eating insects on
shade trees. Standard formulae Nos. 1, 2, 3, or 10 are recom
mended.

Lead arsenate may be combined safely with nicotine sulfate,
bordeaux mixture, or oils; but it should rarely be used with
soap because of the possible burning action of the arsenic freed
by this combination. Care should be exercised to prevent poi-
soning of foods and drinking water of man and animals. The
quantity of lead arsenate used may be varied if necessary from
3 to 8 pounds per 100 gallons of water. The effectiveness of
lead arsenate is greatly increased by the addition of a sticker
or spreader.

Summer contact insecticides

Niocotine,--This material usually is supplied as nicotine
sulfate containing 40 percent nicotine. It is available also
as free nicotine, usually containing 40, 50, or 95 percent nico-
tine., Standard formulee for general use are Nos. 4 and 10 as
required.

Nicotine sulfate may be combined safely with arsenate of
lead a8 a combination spray. The addition of soap or miscible
0il as a wetting agent will increase the effectiveness of nico-
tine sulfate from 1} to 2 times.

Derris insecticides.--Rotenone is one of the most import-
ant derivatives of dried derris root which should contain 16 to
20 percent rotenone and other toxic materials to be effective.
Rotenone often is sold in combination with pyrethrum with an
oil base. The material is effective where arsenicals would be
dangerous to use. It is not toxic to man or animals. The ef-
fectiveness lasts 4 to 5 days after which the application should
be repeated.

Pyrethrum.--This material is made by extracting the toxie
agents from pyrethrum flowers. It is non-poisonous to animals
and man and wseful where such considerations are important. Its
efficiency is increased by using soap or other wetting agent in
the spray mixture. It may be applied es a dust or spray.

Summer white oils.=-Such materials are made from petroleum
oils with unsaturated hydrocarbons removed. They are chemically
inert and effective as wetting agents against summer stages of
scale insects, mealy bugs, and spider mites. They are used in
1 or 2 percent solution. Their toxicity may be increased by
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adding nicotine, pyrethrum, or derris root extracts. They are
unsafe on sugar maple, Japanese maple, beech, butternut, and
black walnut.

Sulfur.--Sulfur is useful as a spray or dust against sum-
mer stages of red spider, spider mites, etc.

Dormant contact sprays

Miscible ojl,--Petroleum oils. These are used as dormant
sprays to control scale and as a general cleanup against winter
stages of wide variety of insects. They may be used safely on
most trees but not on sugar maple, Japanese maple, beech, but-
ternut, or black walnut. They should not be applied when tem—
perature is likely to drop below 40 degrees F. Care always
should be taken to assure a perfect emulsion. When the solution
has lain in hose or tank for some time it should be pumped back
through the tank to avoid a separation of the emulsion.

Lime sulfur.--Concentrated lime sulfur and 1ime sulfur wash
are effective against many armored scales and as fungicides.
They should not be allowed to contact painted surfaces because
of the resulting discoloration.

Dilution Table for Contaot Sprays

Amount of | Amount of spray material to use with water for these
finished dilutions
spray 1 to 200 1 to 400 1 to 600 1 to 800
. .25% .166% .12
1qt. |1 tep. 1/2 tsp. | 1/3 tsp. 1/4 tsp.
1 gal. | 4 tsps. 2 tsps. 1-1/2 tsps. | 1 tsp.
6 gals.| 3-1/5 ozs. | 1-3/5 ozs.| 1 oz. 4/5 oz,
50 gals.| 1 qt. 1 pt. 3/4 pt. 1/2 pt.
100 gals.| 2 gts. 1 qt. 1-1/2 pts. 1 pt.
400 gals.| 8 qts. 1 gal. 6 pts. 2 qts.

Equivalent weights and measures

4 teaspoons = 1 tablespoon
2 tablespoons = 1 fluid ounce

Fumigants

16 fluid ounces = 1 pint
8 pints = 1 gallon

Calcium cyanide.--This material develops hydrocyanic gas

which is a deadly poison and must be used with extreme care. It
may be inserted in galleries of wood-boring insects and the

openings plugged.

to directions.

It should be used very carefully according

Paradichlorobenzene.--This is a white crystalline material
and is a specific control for peach tree borer.

810'1&0

It volatilizes



Carbon bisulfide.--This is a liquid which produces a vola-
tile gas which is heavier than air and highly flammable. It is
used for injection into galleries of wood-boring insects after
which the openings should be plugged. It is used also for kill-
ing ants by injecting into the nests.

Repellents

Bordeaux mixture.--This material is a fungicide which is
repellent to many insects such as leaf hoppers and flea beetles.
It is made up of copper sulfate and lime.

Ficotine,~-Various nicotine compounds are repellent to in-
sects. Tobacco dust is sometimes mixed with the soil around
plant roots to repel insects. Nicotine sulfate combined with
bentonite, or free nicotine combined with various acids produce
compounds that act as repellents by slowly giving off nicotine.
Usually it is used as nicotine sulfate containing a solution of
40 percént nicotine.

Other materials used as repellents for certain insects in-
clude pine tars, paradichlorobenzene, napthalene, derris, cube,
pyrethrum, and lime.

Attractants

Attractants are used for insect control with some form of
food which is poisoned, or with trap equipment. For instance,
the Japanese beetle is attracted to the combination odor of
geraniol and eugenol. This material is placed in traps to catch
the insects or is sprayed upon poisoned foliage.

Spreaders, stickers, and wetting agents

Soap.=--Soap is good as a wetting agent and spreadswell but
is of no value as a sticker since it washes off readily. It
usually is unsafe for use with arsenicals but is excellent with
nicotine compounds.

0ils.--These are useful as stickers and spreaders. Mis-
cible oils at 0.5 percent, unemulsified fish oil, and linseed
o0il at 0.25 percent are useful as stickers with arsenate of lead
for shade tree spraying.

Cagein.,~-This material is used in the form of calcium cas-
einate as a spreader and sticker at the rate of 1 to 2 pounds
to 100 gallons of spray mixture in shade tree spraying.

Blood albumin,--Powdered blood albumin spreader used at
the rate of 4 ounces to 100 gallons of water is one of the new-
er important spreaders coming into use.

Flour.=-~-Ordinary wheat flour is an excellent spreader and
sticker. It is used at the rate of 2 to 4 pounds to 100 gallons
of spray and should be mixed into a thin paste before putting

67284 0—38—2



in the spray tank.

Alcohol .~-The sulfonated alcohols can be used with hard
water without causing insoluble soap materials. They are use-
ful as wetting and spreading agents.

Barrier bands.-~The use of sticky trap material as barrier
bands on trees is a practice now going out of general use due
to the increased use and efficiency of power sprayers. Use of
barrier bands is not approved for general National Park Service
use.

Section II. Leaf and Twig Disease Control

Fungus diseases may be disseminated in several ways: (1)
Transmission by spores. (2) Transmission by vegetative method,
i.e., by the growth of the fungus mycelium which is present in
the seed or other part of a plant. The mycelium (thread-like
growth) remains dormant until the plant starts to grow and then
grows along with it. (3) Sclerotia or masses of mycelium are
also formed in the protoplasm of bulbs, tubers, etce.

It is with the first method of fungus dissemination that we
are concerned in this bulletin, since the other methods do not
lend themselves to control by spraying. Fungus spores may be
carried by wind, rain, insects, birds, animals, and man.

Fungicides are solutions or powders applied to plants for
the purpose of checking diseases caused by parasitic plants. To
be of the greatest value a fungicide for shade trees should pos-
sess the following characteristics:

1. Should destroy the fungus without injury to the host.
2. Be easy to prepare and apply.

3. Be economical in cost.

4. Persist for some time onthe plant in a toxic ocondition.

It should be kept in mind that fungicides are preventive
in action and not curative. Once a parasitic plant has become
well established in the host, spraying with fungicides can have
little or no value. To be effective in controlling many diseases,
spraying often should be preceded by a thorough sanitation pro-
gram. Such a program would include the‘pruning, raking, and
burning of infected twigs and leaves. These measures are of great
aid in controlling such diseases as sycamore and oak anthracnose,
horsechestnut leaf blotch, fire blight, etc.

Usually it is necessary to apply three or more successive
sprays in order to prevent infection by various leaf and twig
diseases. In most cases the first spray should be applied when
the buds are breaking; the second about 10 days later when the
leaves are 1/3 to 1/2 grown; the third when the leaves are full
sized. Local conditions will govern the neceasity of additional
spray applications which may bte required because of rainy weather,
etc.



As a general rule the spores of leaf and twig diseases are
given broad dissemination by rain which washes the spores down
the twigs and branches to new spots of infection susceptibility;
hence, it is important that fungicides be applied both before
and after rains.

Important fungicides

Bordeaux mixture.--The most efficient of the fungicides for
shade tree spraying. It is fully effective only if fresh. It
can be homemade of copper sulfate crystals and lime but the pro-
cess is somewhat inconvenient. A quick bordeaux may be made by
using finely ground copper sulfate and hydrated limeas follows:
Wash through the strainer the required amount of freshly ground
hydrated lime, fill the sprayer tank half full, and then wash in
the finely ground copper sulfate with the remainder of the water
required. The usual mixture is 8 pounds of copper sulfate and
8 pounds of hydrated lime to 100 gallons of water.

Commercial bordeaux may be purchased ready mixed, but such
mixtures are more costly and less effective than the mixture
made on the job as stated above.

Bordeaux mixture should not be used on fruit trees.

Lime sulfur.--This compound is obtainable in liquid com=-
mercial concentrated form, dry powdered form, as well as by
home manufacture. It is used in concentrated form usually at
2 gallons to 100 gallons of water and is useful principally in
orchard spraying in place of bordeaux. Lime sulfur is unpleas-
ant to use since it has an offensive odor, is corrosive to the
skin, and causes discoloration of painted surfaces.

Lime sulfur is now obtainable in dry powder form which is
useful because of convenience. This is efficient as a summer
spray at the rate of 6 pounds per 100 gallons.

Sulfure~--It is useful either as a dust or a spray. To use
as a spray it may bemade wettable as follows: Mix dry 16 pounds
of dusting sulfur, 8 pounds of hydrated lime, and 1/2 pound of
caloium caseinate. Add this mixture to 100 gallons of water
while being agitated.

It also is possible to obtain prepared wettable sulfur
ready to place in spray tank. Sulfur sprays give excellent pro-
tection from fungi and are useful in the control of spider mites,
red spider, etc., on conifers.

Section III. National Park Service Standard Formulae

The following formulae will be considered standard for Na-
tional Park Service use in eastern areas where insect and fungus
control measures are necessary. If it appears desirable to use
other formulae in special cases approval first should be obtained
from the Branch of Forestry:



S. Fo No. 1. (Stomach poison

Arsenate of lead - 4 pounds

Calocium caseinate = 1 pound

Water = 100 gallons
S. F. No, 2. (Stomach poison)

Arsenate of lead - 4 pounds

Fish o0il or linseed oil - 1 pound (1 pint)

Water = 100 gallons
S. F. No. 3. (Sbomch po:laon)

Arsenate of lead = 4 pounds

Powdered blood albumin spreader - 4 ounces

Water = 100 gallons
S. Fo Noo. 4. (Contact lpﬂy)

40 percent nicotine sulfate - 1 pint

Soap = 4 pounds

Water = 100 gallons
S. Fo Noe 5. (Dormant - conifers)

40 percent nicotine sulfate = 1 pint

Miscible oil - 2 gallons

Water = 100 gallons
S. Fo No. 6. (Dormant - deciduous)

Misoible oil - 6 gallons

Water = 100 gallons

S. Fo Noo 7. (Dormant - armored goale)
Conmercial lime sulfur’ wash = 11 gallons
Water = 100 gallons

S. Fo Nos 8. (Summer - combination)

Commercial lime sulfur wash « 3 gallons

Arsenate of lead - 4 pounds

Calcium caseinate - 8 ounces

Water = 100 gallons
S. Fo No. 9. (Summer - contact)

Wettable sulfur = 10 pounds

Water = 100 gallons

S. F. No. 10. (Poison = contact combination)

Arsenate of lead = 4 pounds
40 percent nicotine sulfate = 1 pint
Calcium oaseinate = 1 pound
Water = 100 gallons
S. Fo No. 11. (Fungicide - bordeaux mixture)
Powdered copper sulfate = 8 pounds
Powdered hydrated lime = 8 pounds

Water = 100 gallons



8. F. No. 12. (Dormant fungioide)

Concentrated lime sulfur - 2 gallons

Water = 100 gallons
S. F. No. 13. (Summer fungicide)

Dry lime sulfur = 6 pounds
Water = 100 gallons

S. F. No. 14. (Fungicide - contact insecticide)

Dusting sulfur = 16 pounds

:’“ )Rydrated 1ime - 8 pounds

Y )caloium caseinate - 1/2 pound
Water = 100 gallons

If uecessary, when spraying for two or more classes of in-
sects or fungi, the following combinations of spray material are
considered safe:

Ybordeaux mixture
Miscible oil and Jarsenate of lead
)nicotine sulfate

)lime sulfur
Nicotine sulfate and )bordeaux mixture
)soap

)bordeaux mixture
Lead arsenate and )1ime sulfur
)Jnicotine sulfate

The following combinations are unsafe either mixed together
or as sucoessive sprays:

Miscible o0il and lime sulfur
lead arsenate and soap

Section IV. General Spraying Rules

l. EKnow what you are spraying for and the proper formula
to use.

2. Poisons are effective only when eaten by insects. This
means a thorough coating of the surface of the leaf upon which
the insect feeds.

3. Contact sprays are effective only when the insects are
individually hit with spray. This means thorough soaking of
the tree.

4. Be careful with spray materials. Arsenate is a deadly
poison, and you can receive serious injury or discomfort from
almost any material. Wear a raincoat, hat, and goggles if pos-
sible when spraying. Avoid leaving insecticides and containers
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around where they are accessible to animals or children. !

S5+ Always wash powdered materials through the strainer box
on the sprayer. Such practice avoids lumps.

6. Keep agitator working when mixing spray materials.

7. When using arsenate of lead and lime sulfur together
be sure to add 2 pounds of calcium caseinate to 100 gallons of
Spraye.

8. Always use a sticking and spreading agent with poison
sprays,and a wetting agent with nicotine sprayse.

9, Always keep statues, walks, buildings, and shrubs wet
down with water if a spray which might discolor is being applied
nearby.

10. If rain follows & spray operation before the spray mate-
rial has thoroughly dried respraying may be necessary.

11. Spraying equipment is expensive. Take care of it. !
Mechanical adjustments should be made only by skilled mechanics.

12. Spraying equipment must never be used for anything but
insect or disease control operations.

13. Clean out the spray tank and hose thoroughly when
chenging spray mixtures during the day and before putting equip-
ment away for the night.

Don't's

l. Don't use arsenate of lead and soap together or spray
plants separately with soap if arsenicals were used earlier.
Why?--The free arsenic which is precipitated may burn
the foliage.

2. Don't spray stone fruits with heavy applications of
lead arsenate or any fruits with bordeaux mixture.
Why?--Lead arsenate may injure stone fruits. Bordeaux
mixture induces russeting of fruit,

3. Don't spray sugar maple, Japanese maple, butternut,
beech, or black walnut with oil sprays.
Why?--0il sprays may penetrate to and kill the cambium
in these species.

4. Don't spray from a long line of hose iuﬁhich the spray
material has been allowed to lie until the hose contents have
been pumped back through the solution tank and thoroughly agi-

tated. i
Why?=--The emulsion may separate and cause injury.

5. Don't spray with oils when the temperature is below 40



11

degrees F. Spraying should be stopped soon enough in the after-
noon on cold days sothat the spray will dry before the tempera-
ture drops in the late afternoon.
Why?--Cold weather slows up the evaporation of the
golution and may cause injury.

6s Don't attempt to change spray formulae without prior
approval.
Why?--Unapproved formulae may be unsafe or useless.

7. Don't spray conifers in the fall with a dormant spray.
Why?=--It may cause loss of bloom and other injury.

8. Don't spray any trees when the temperature is 90 degrees
F. or higher, especially when the sun is shining.
Why?=--Burning of the foliage may result.

9. Don't permit arsenical sprays to remain in the spray
tank overnight. Leaving any spray solution in the tank for
long periods or overnight is poor practice. Solutions which
have stood for some time should be thoroughly agitated before
spraying.

Why?=--The spray materials may separate or be precipi-
tated and difficult to bring into solution again.

10. Don't use combination sprays unless you are sure they
are harmless to the trees and then only if two or more types of
insects or fungi are to be controlled.

Why?=--To do otherwise is wasteful and may be harmful.

11. Don't app.y poison sprays after the trees start todrip.
Why?=--This decreases the effectiveness of the material
and wastes it.

12. Don't allow spray meterials to pollute streams or ponds.
Why?=-Insecticides and fungicides are deadly to fish.

13. Don't combine oils and lime sulfur in the same solution
or follow one after the other.
Why?=--The combination will cause definite injury to
the tree.

Section V. General Control Charts

The insect and disease control charts which appear on the
following pages are in no sense complete and should be considered
merely a ready reference toassist in emergency control problems.
It is expected that field officers will, when time permits,
avail themselves of the more complete information found in
standard tests and bulletins.

As information is gained on specific problems in individual
park areas,such data may be written in the blank spaces on page
18 for future personal use.
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