
R cia

Weed E ent
F. E. PRICE
R. N. LUNDE
JOHN BURSIK
VIRGIL FREED

Oregon State System of Higher Education
Agricultural Experiment Station

Oregon State College
Corvallis

STATION CIRCULAR 170 AUGUST 1946



icultural Engineer, Associate Agricultural Engineer, Assistant Agricultural
Assistant Agronomist, respectively, of the Agricultural Experiment Station
College, Corvallis, Oregon. This circular was written in collaboration with
of the Spraying Equipment Industry and the Chemical Spray Industry.
Appeiulix, page 15.

3

Recom mendations for
Weed Spraying Equipment

By

F. E. PRICE, R. N. LTJNDE, JOHN BURSIK, and VIRGIL FREED"

INTRODUCTION

The recommendations and specifications contained in this bul-
letin are a result of the factors studied and changes made in the pre-
liminary specifications on equipment for applying weed control
chemicals prepared for the weed spraying equipment conference
at Portland, Oregon, March 22, 1946. These recommendations are
directed toward a clarification of the requirements of weed spraying
equipment confronting the farmer or custom operator and will serve
as a guide to builders of weed sprayers.

RATES OF APPLICATION PER ACRE

The rate of application per acre can be divided into two groups,
low ratef and high rate, according to the amounts of spray ma-
terial used.

The low rate group includes applications from 50 to 125 gallons
per acre. Some of the chemicals used in the low rate group or
selective spraying are: copper sulphate, iron sulphate, sodium nitrate,
ammonium sulphate, sulphuric acid, oils, 2,4-D, and Sinox (dinitros).

The high rate group, or applications used in contact spraying,
includes applications at the rate of 150 to 400 gallons per acre. Ma-
terials used for contact spraying include oils, 2,4-D, dinitros, Atla-
cide, ammonium suiphamate, ammonium thiocyanate, and sodium
pentachlorophenate. All the materials used are highly corrosive with
the exception of oils and dinitros in oil.

SPRAY PRESSURES

Pressures ranging from 60 to 150 pounds per square inch are
recommended. The most common pressure used is 75 to 100 pounds
and is considered adequate. High pressure spray pumps are not
necessary and only add to weight and cost of equipment and power
requirement. There is no evidence that pressures in excess of 100
pounds increase the effectiveness of the spray.

Agr
fleer, and

Engi-

gon State
, Ore-

sentatives
repie-

t See



AGRICULTURAL EXPERIMENT STATION CIRCULAR 170

PUMPS

The type of pump used for weed spraying equipment is not
important as long as it is capable of supplying the required volume
at 100 pounds pressure; however, the tendency is toward the use of
one of the several types of rotary or turbine pumps. These pumps
are usually lighter in weight and less expensive than corresponding
capacities in plunger type pumps.

The first step in selecting a pump is to determine the required
capacity. The required capacity depends upon: (1) rate of applica-
tion per acre, (2) width of swath it is desired for the machine to
cover, and (3) rate of travel. The width of swath or total length
of spray boom will be determined largely by the acreage to be cov-
ered by a given machine in a given time, and the size and topography
of the fields. The pump that is selected should be large enough to
do the job with a 25 per cent margin for safety, but there is no ad-
vantage in selecting a pump of greater capacity as it only increases
the cost of the pump and the power requirement.

A self-priming pump is preferred, and it should be available for
use in filling the spray tank.

TYPES AND SIZES OF SPRAY TANKS

The tath containing the spray solution should be of corrosion
resistant material, easily cleaned and not subject to leaking. Tanks,
as well as other equipment which the solution contacts, should be
thoroughly rinsed after using.

The sizes of the tank will depend upon the capacity of the pump
and upon the availability of water. A small tank requires frequent
stops for refilling and a corresponding time loss and reduction of
acreage that can be sprayed. Tanks of too large capacity may go
beyond the economical limits of size and weight of equipment neces-
sary for handling the load. For a small, hand-boom sprayer using
up to a 5 gallon per minute pump, a tank as small as 50 gallon
capacity may be sufficient. Usually where moderately large acreages
are sprayed using a pump delivering 30 to 50 gallons per minute, the
most economical tank will have a capacity of at least 300 to 500 gal-
lons, and for a pump delivering 10 gallons per minute, a 100 to 150-
gallon tank is usually considered sufficiently large. Therefore, it is
suggested that the tank can have a minimum capacity of 10 to 15
gallons for each gallon per minute required by the boom.

AGITATOR IS ESSENTIAL

Except when straight oil sprays are used it is desirable to have
an agitator running constantly, both while filling the tank and while



5RECOMMENDATIONS FOR WEED SPRAYING EQUIPMENT

spraying, to keep the spray solution thoroughly mixed. Most agi-
tators consist of a row of paddles on a shaft driven from the power
unit. Agitators are usually belt or chain driven. The drive should
be well-enclosed to prevent accidents during the refilling operation.

SIZE, LENGTH, AND ARRANGEMENT OF BOOMS

One and one-fourth-inch pipe is the recommended size for
booms handling up to 18 gallons per minute from the point of inlet
and ifinch pipe for the larger capacities.

The length of the boom will depend upon the capacity of the
pump and upon the swath it is desired for the machine to cover.
Fifteen- to forty-foot booms are used for field spraying in big fields
of eastern Oregon, and 15- to 25-foot booms are most commonly
used in western Oregon.

It is desirable to have the spray boom mounted ahead of the
vehicle to spray the plants before the wheels run over them. A
boom located in front usually affords unobstructed observation for
the operator.

The machines in use at present have the spray boom made up in
one of the following manners:

A boom of 3 sections, with 1 short center section
mounted to spray ahead of the machine, and a wing section at-
tached on each side. The 2 wings or side sections are attached
with a hinged mounting that allows them to be folded in for
transporting and for passing through gates.

A boom of 2 sections each commencing from the center
line of the machine and extending out to the side. Usually these
are mounted in front and attached so they can be folded in.

On small machines a boom is used consisting of 1 section
that is mounted either in front or extending from 1 side of the
machine.

The side boom sections, that have one end carried on the sprayer
chassis and the other extending at right angles from the machine,
should be guyed or braced to prevent excessive "whipping" at the
outer end. As the length of this section is increased, more bracing
will be required. When the total length of boom exceeds 25 feet,
it has been found advantageous to use a castor wheel to support the
outer ends.

Provisions should be made for raising and lowering the boom
to adjust for varying heights of vegetation. Normally, the boom is
carried about 18 to 20 inches above the vegetation when 800 angle
nozzles, spaced 16 inches apart, are used (Table 1).
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nozzles

For single coverage divide height from table by 2.

In order to prevent interference from adjacent spray fans, the
outlets from the boom to the nozzles should be made alternately in
the front and rear side of the boom and slightly above the center
line. With the outlets placed above the center line and in the upper
half of the boom, the lower half acts as a sediment sump collecting
dirt and preventing it from clogging the small orifice in the nozzles.

Outlets in the boom can be tapped for a 1-inch pipe, and a short
nipple or street elbow screwed in. The fitting used will depend upon
which suits the nozzle used. Some booms have the nipple or street
elbow welded into a hole in the boom slightly larger than a 1-inch
pipe.

The pump discharge should be connected to the boom with an
oil resistant hose. A cap or valve in the outer end of the boom allows
it to be flushed to remove the sediment collected.

NOZZLES

The most effective coverage is obtained from nozzles that dis-
charge a fan shaped spray pattern. Conical spray patterns do not
give as uniform distribution and cannot be obtained in the required
angle of spread between nozzles. Nozzles giving 60°, 80°, and 90°
angle of spray fan are obtainable, but for most conditions nozzles
delivering the spray fan at an 80° angle are most satisfactory.

Nozzles having a groove milled in each side of the nozzle disk,
through which the small orifice is drilled, give a more uniform
spray than the one having the orifice drilled in a ridge formed with
a punch and die. Those using the milled grooves in the nozzle disk
are the Monarch and SpraCo nozzles, and they can be obtained in
orifice sizes from .031 inches to .147 inches.

Nozzle spacing

Inches Inches

90
nozzles

Inches
12 20.8 12
13 22.5 13
14 24.2 14
15 26.0 15
16 27.8 16
17 29.5 17
18 31.2 18
19 33.0 19
20 34.7 20
21 36.4 21
22 38.2 22
23 39.8 23

41.6 24
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Table 1. REQUIRED HEIGHT OF BOOM ABOVE VEGETATION TO GIVE DOUBLE COVERAGE WITH
6O, 80, AND 90 NOZZLES AT DIFFERENT SPACINGS.

Height of booni

Inches
14.3
15.5
16.7
17.9
19.1
20.2
21.5
22.7
23.8
25.0
26.2
27.4
28.6
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PLACING OF NOZZLES

For field spraying the nozzles should be spaced uniformly along
the boom. The most common nozzle spacing is from 15 to 18 inches
apart. The height above the vegetation will depend upon the nozzle
spacing and upon the spray angle of the nozzle. The boom should
be high enough so the alternate spray fans will meet at the top of
the vegetation (Figure 1). It will be necessary to raise or lower
the boom, as conditions require, for varying heights of crop. Eighty
degree nozzles spaced 16 inches apart will give 100 per cent overlap
from a height of 19 inches.

One hundred per cent overlap (double coverage), having alter-
nate spray fans meeting, is desirable because it gives more uniform
distribution and eliminates the possibility of leaving unsprayed strips.
Double coverage is accomplished by staggering the nozzles on oppo-
site sides of the boom so the spray fans of adjacent nozzles are in
different planes and do not interfere with each other. There is
some advantage in having the nozzles tilted slightly so the spray
fans will hit the weeds at slightly different angles. This is done by
attaching the nozzles in the upper half of the boom a little above the
center line.

Figure 1. Placement of nozzles on boom.
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The following recommendations for nozzle spacing for spray-
ing of row crops were taken from Equipment for Spraying Weeds
by W. A. Harvey, Division of Botany, University of California,
Davis.

the nozzles should be spaced on the boom so that there is one
centered over each row. Point the nozzles directly downward, es-
pecially with onions, to avoid hitting the crop plants from the side.
Adjust the boom to the height where the edges of the spray fans
meet midway between the rows. Avoid having the heavy edges of
the spray fans hit directly on any row.

In treating crops that have passed the stage when it is safe to
spray the entire foliage (examples are onions over 10 inches high and
carrot stecklings after the seed stalk emerges) the nozzles should be
arranged over the middle instead of over the rows. The boom should
then be adjusted to the height where the edges of the spray fans hit
the crop plants on their lower, more tolerant portions, This system
will take care of the small weeds growing in the row, but should not
be expected to control weeds so tall that their tops extend above the
level at which the spray fans intersect.

SCREENS

Provision should be made for straining the chemicals through
a screen when refilling the spray tank. This screen should be a
basket of 16-mesh screen or finer into which the chemical is dumped
before the water is turned on during the refilling operation. Since
some chemicals are added in a dry form all the lumps will be dis-
solved before passing through the screen. It is desirable to have
the screen mounted so the bottom of the basket is near the agitator
where it can receive the benefit of the turbulent action.

It is recommended that 2 screens be installed between the tank
and the nozzles. One screen should be located on the suction side of
the pump and the other on the discharge from the pump just ahead
of the boom. The screen between the pump and the boom should be
fine enough to prevent dirt from clogging the small nozzle orifices.
A screen, 50 mesh or a little larger, should do the work. It is recom-
mended to have the area of the screen about 10 times the cross sec-
tional area of the pipe used for the boom.

PUMP DISCHARGE SHUT-OFF VALVE

The shut-off valve should be placed in the supply line leading to
the booms in a position where it can be easily reached by the operator.
The valve should be a quick-opening stopcock so it can be closed
quickly, when the sprayer is stopped in the field, to prevent injury
to the crop by an excessive amount of spray in one place.
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In places where the field boom cannot be used and for scattered
weed patches, it is practical to use a hand gun of 1 or 2 nozzles.
Such a gun can easily be made of a piece of iron or aluminum
alloy pipe, 4 or 5 feet long. About 18 inches of one end is bent up
approximately 2O and 1 or 2 nozzles (fan type) tapped in along
the bottom. The other end is connected with a valve and a hose

RECOMMENDATIONS FOR WEED SPRAYING EQUIPMENT

RELIEF VALVE AND PRESSURE GAUGE

A relief valve must be installed between the pump discharge and
the stopcock. The pressure gauge should be installed between the
pump discharge and the stopcock.

HAND GUN

connection. An outfit using hand guns will require approximately
1 gallons per minute per nozzle.

In most cases it has been found desirable to equip the large out-
fits with 1 or 2 hand guns, in addition to the field booms, for spraying
the areas not reached with the booms. Since the pump capacity of
most outfits is much greater than that required by the hand guns,
resulting in an excessive flow through the pressure relief valve which
would cause serious wear, it is recommended that a bypass line be
installed in parallel with the relief valve. The amount bypassed is
controlled by a hand valve through which enough solution will re-
turn to the tank to maintain the normal pressure with no flow
through the relief valve when the hand gun is in operation. During
the periods when the gun is shut off, the excess pressure will easily
be handled by the relief valve. If normal pressure desired is 100
pounds, the relief valve should be set at 125 pounds.

POWER SUPPLY

Power for operating the pump may be from the tractor power
take-off or from an auxiliary engine mounted on the sprayer. The
pump manufacturer should specify the speed and power requirements
of the pump for developing the required pressure and volume. The
engine hookup should meet these specifications. A separate engine
is more satisfactory under most conditions than the power take-off
drive, since constant pump speed is maintained regardless of tractor
speed.

SCOPE OF WEED SPRAYING IN OREGON

Except where chemicals are used to control some of the peren-
nial noxious weeds, selective sprays, applied at 100 gallons per acre,
meet practically all the weed spraying schedules in Oregon at the
present time. Contact sprays in volumes varying from 200 to 400
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50 70 110 130

PRESSURE IN POUNDS PER SQUARE INCH

Figure 3. Discharge rates of Monarch nozzle disks at various pressures.*

gallons per acre have not been employed extensively up to the prs-
ent date, and where they are used they are applied on perennial
noxious weeds with hand guns in most cases. The selective chemical
weed sprays are being used to control annual and some perennial
weeds in fields of grain, fiber flax, grasses, peas, and seed crops.

* Adapted from Equipment for Spraying Weeds, W. A. Harvey, Division of Botany,University of California, Davis.
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On an average job in the Willaniette Valley, about one-fourth
of the time is devoted to spraying and about three-fourths of the
time is spent in refilling and traveling back and forth. This will vary,
however, depending upon the distance to the source of water and
the time it takes to fill the tank. The following example shows how

cesses during the spraying operation.
Suppose a grower desires to 1611 the weeds on his 100-acre crop

of fiber-flax. His machine will cover a 25-foot swath. On his 25-
foot boont he is using nineteen 80° nozzles which are spaced 16
inches apart. The machine %VilI be pulled with a tractor at a speed
of 3 miles per hour. To apply 100 gallons per acre at 3 miles per
hour (Table 2 and 3), the discharge per nozzle will have to be 9.81

gallons per minute. Turning to Figure 3 we find that an 0.059 inch
orifice wilL supply about the required amount at 100 pounds pressure.
The volume of spray delivered by the entire boom will be 19 X 0.81
or nearly 15j gallons per minute. This will require a pump capacity
of about 20 gallons per minute or 0.8 of a gallon per minute per
foot of boom. The capacity of the spray tank is 200 gallons which
is enough solution to cover 2 acres, At 15- gallons per minute, the
tank will be empty in 13 minutes of spraying. The average distance
to the source of water is one-fourth mile, and it requires about 6
minutes to travel this distance one way. The tank can be refilled in
15 minutes, but an additional 5 minutes is allowed for adding the
chemicals before the water is turned on. The total time for each
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Field booms are employed in applying practically all the selective

sprays.
A machine large enough to handle applications of about 100

gallons per acre should meet practically all weed spraying problems
at the present time.

EXAMPLE OF A SPRAYING OPERATION AND EQUIPMENT
REQUIREMENT IN THE WILLAMETTE VALLEY

the time requirement is efficiently distributed over the various pro-

trip, therefore, requires 45 minutes. During this time 2 acres are
sprayed or about 2.67 acres can be sprayed in an hour. To spray the
entire 100 acres, following this schedule, it will take 37 hours or
approximately 4 days.

If the distance to the source of water is greater or if the booms
have to be folded in for passing through gates to reach the water
supply for refilling, the time requirement for each trip will be greater.
In some cases where the water supply is a problem, the time loss is
reduced by using auxiliary or "nurse" tanks that deliver the water
to the field. Of course, provision is necessary for pumping from
one tank to the other.



12 inches
14 inches
15 inches
18 inches .
20 inches
22 inches
24 inches

Total length of
spray boom,

in feet

4crs
0.181
0270
0,362
0.451

Table 3. CONVERSION FACTORS FOR TABLE 1 POE VARIOUS NOZZLE SPACINGS5

1.52.
2.5

354..
4.5
5
6
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Table 2. DISCHARGE PER NOZZLE IN GALLONS PER MINUTE TO GET REQUIRED VOLUME
PER ACRE AT DIFFERENT FIELD SPEEDS.

(Table is computed for nozzles spaced 16 inches apart.)

For following nozzle spacing

Table 4. DISTANCE TRAVELED PER MINUTE AT VARIOUS SPEEDS.

Distance traveled
Speed in miles per hour per mInute

Feet

Multiply quantities
in Table 1 by-

0.75
0.875
0.938
1.125
1.25
1.375
1.50

88
132
176
220
264
308
352
396
440
528

Table 5. ACREAGE COVERED PER MINUTE.

Speed per hour
2 2.5 3 3.5 4 4.5 5 6

miLes miles miles miles miles miles mile3 miles

Acres Acres Acres Acres Acres Acres Acres

Required
gallons
per acre

Gal.
per

Miss.

1.5 2 2.5
MPH MPH MPH
Gal. Gal. Gal.
per per per

Miss Mm Miss

Gal.
per

Miss

Speed of travel

3.5 4
MPH MPH
Gal. Gal.
per per

Miss Miss,

Gal.
Per

Mj,s.

Gal.
per

Miss.

6
MPH

Gal.
Per
Mm.

7 8
MPH MPH
Gal. Gal.
per per

Miss. Mm.
40 0.11 0.16 0.22 0.27 0.32 0.38 0.43 0.48 0.54 0.65 0.75 0.8560 0.16 0.24 0.32 0.40 0.48 0.57 0.65 0.72 0.81 0.97 1.13 1.2780 0.21 0.32 0.43 0.53 0.64 0.75 0.86 0.96 1.08 1.29 1.51 1.70100 0.27 0.40 0.54 0.67 0.81 0.94 1.08 1.20 1.35 1.61 1.89 2.13

120 0.32 0.48 0.65 0.81 0.97 1.13 1.29 1.45 1.65 1.94 2.27 2.55
140 0.38 0.56 0.75 0.94 1.13 1.32 1.51 1.69 1.89 2.26 2.64 2.98
160 0.43 0.64 0.86 1.07 1.29 1.51 1.72 1.93 2.16 2.58 3.02 3.40
180 0.48 0.73 0.97 1.21 1.45 1.70 1.94 2.17 2.43 2.90 3.40 3.83200 0.54 0.81 1.08 1.34 1.61 1.89 2.15 2.41 2.70 3.22 3.78 4.26220 0.59 0.89 1.18 1.48 1.77 2.08 2.36 2.65 2.97 3.54 4.15 4.68240 0.64 0.97 1.29 1.61 1.94 2.26 2.58 2.89 3.24 3.86 4.53 5.10260 0.70 1.05 1.40 1.74 2.10 2.45 2.80 3.13 3.51 4.18 4.90 5.54280 0.75 1.13 1.50 1.88 2.28 2.64 3.01 3.37 3.78 4.51 5.28 5.96300 0.80 1.21 1.61 2.00 2.42 2.83 3.22 3.62 4.06 4.83 5.66 6.38320 0.86 1.29 1.72 2.14 2.58 3.02 3.44 3.86 4.33 5.15 6.04 6.81340 0.91 1.37 1.83 2.28 2.74 3.21 3.66 4.10 4.60 5.48 6.42 7.24360 0.97 1.45 1.94 2.42 2.90 3.40 3.87 4.34 4.87 5.80 6.80 7.66380 1.02 1.53 2.04 2.55 3.06 3.58 4.08 4.58 5.14 6.12 7.18 8.09400 1.07 1.61 2.15 2.68 3.22 3.77 4.30 4.82 5.41 6.45 7.56 8.51

20 0.086 0.100 0.122 0.141 0.161 0.202 0.24230 0.121 0.151 0.181 0.222 0.242 0.303 0.36340 0.172 0.200 0.244 0.282 0.322 0.404 0.48450 0.207 0.251 0.303 0.363 0.403 0.505 0.605
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APPENDIX

EQUIPMENT RECOMMENDATIONS FOR RECENT
LOW RATE APPLICATIONS

Efficient control of weeds has been obtained with applications of
2,4-D as low as 10 gallons per acre on wheat, barley, oats, rice, and
various grasses planted for seed production. This new low rate
of application of 10 gallons per acre presents a new equipment prob-
lem which has developed during the 1946 season.

From the outstanding results obtained with this low gallonage
of 2,4-D, it seems probable that 2,4-D will replace the dinitro selec-
tives on the crops listed above, since such a low gallonage is not
sufficient with the dinitro chemicals. The dinitros will still be con-
tinued, however, on the crops that are susceptible to 2,4-D injury.
These crops include flax, peas, onions, alfalfa, and some of the
clovers.

The success obtained with low rate applications of 2,4-.D is
attributed to the following characteristics of this chemical:

Practically all the important broad leaf weeds are susceptible
to 2,4-D. All the broad leaf annual weeds are killed as well as
many of the perennials while the rest are sufficiently retarded to pre-
vent seed formation.

Rain is not detrimental to the treatment as long as the ma-
terial has already dried on the weed foliage.

High temperatures are not required, although high tempera-
tures do speed its action.

2,4-D is highly soluble, noncorrosive and noninjurious to
equipment and to persons handling it.

Rate of application per acre
For selective spraying a dosage of to 1- pounds of parent,

2,4-D acid, or equivalent, per acre mixed with 10 to 30 gallons of
water is recommended. The trend, however, is toward the lower
gallonage since the amount of water appears to be relatively unim-
portant as long as good leaf coverage is obtained. The low volume
is particularly important in sections where water is scarce.

For information on 2,4-D preparations and control recommend-
ations, growers are referred to Oregon State College Extension
Bulletin 665, 2,4-D for Weed Control in Oregon.

Size of equipment
Sprayers designed for applications of 100 gallons or more per

acre can easily be converted to serve as low volume 2,4-D applicators
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by using smaller nozzle orifices, spacing the nozzles farther apart
and reducing the pressure and/or increasing the speed; however, the
low volume required lends itself to the use of smaller equipment.
For example, an orchard or cattle sprayer with a capacity of 5 gal-
ions per minute will afford sufficient volume to supply a 20- to 30-
foot weed spraying boom applying 10 to 15 gallons per acre. The
machine that can be utilized for more than one job will probably
represent the best investment.

Smaller equipment will have less weight and allow such a ma-
chine to be transported over a field where heavy equipment can not
enter because of wet soil conditions.

The recommendations stated on page 4 should be followed in
selecting the type and size of pump necessary.

Spray pressure
The pressure is an important factor in the volume a given size

nozzle will deliver. Since low rate applications deal with small
volumes per acre, this relationship, along with nozzle spacing and
speed of travel, is quite essential.

A pressure from 60 to 100 pounds per square inch at the nozzle
is recommended. Pressures higher than 100 pounds with small ori-
fice nozzles produce excessive atomization and result in drifting of
the spray. Pressures below 50 pounds do not give uniform coverage.
At low pressures surface tension tends to draw the edges of the
spray fan together resulting in a narrow angle and, in some cases,
a concentration of spray at the edges of the spray fan. A pressure
of about 75 pounds is perhaps the most satisfactory.

Type and size of tank
The size of the supply tank should fit the needs of low rate

applications per acre and the availability of water. Large tanks add
weight although the time lost in refilling is reduced. For applica-
tions of 10 to 15 gallons per acre, the boom will require 0.1 to 0.15
gallons per minute per foot of length. Therefore, a 30-foot boom
would require 3 to 4.5 gallons per minute at 5 miles per hour. If a
lOO-gallon supply tank is used under the above conditions, 6 to 10
acres can be sprayed with one filling.

Either metal tanks of heavy gauge material or wood tanks may
be used. 2,4-D is not corrosive to metal. Since metal tanks do not
absorb the solution and are more readily cleaned, they are consid-
ered desirable. The tank should be equipped with an agitator and a
leak-proof clamp-on metal cover.



small to make applications of 10 gallons per acre. Table 6 gives the
required discharge per nozzle at different spacings to get the desired
application per acre. For example, if the nozzles are spaced 32
inches apart each nozzle will have to discharge .024 gallons per mm-
ute to apply 10 gallons of spray per acre at a speed of 4f miles

size of orifice and pressure necessary may be ob-
ure 4. From these curves a .039-inch orifice disc
gallons per minute at less than 40 pounds pressure,
orihce will deliver this volume at about 75 pounds
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Nozzle sizes
The orifice of each nozzle will necessarily have to be quite

an hour.
The correct

tamed from Fig
will deliver .024
and a .032-inch
pressure. Since pressures below 50
quate to produce a uniform spray
choose in this case is the .032 inch.

Nozzles that give an 80° angle
desirable to obtain nozzles which

pounds are not considered ade-
pattern, the correct orifice to

flat spray should be used. It is
allow interchanging of orifice

50 60 70 80 90

PRESSURE IN POUNDS PER SQUARE INCH

Figure 4. Discharge rates of small Monarch disks at various pressures.
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MPH
2.5

MPH
3

MI'!-!
3.5

MPH
4 4.5 I

Gal.
j'?r

Mm.

Gal.
ptr
Mm.

.094 .135

.142 .202

.188 .270

.236 .33730 .264 .401Nozzles pacrd 20 inches apart
10 .035 .050 .135 .150 .16915 ............... 050 .075 .202 .226 .25220 .. .067 .101) .270 .300 .33725 .084 .125 .336 .376 .42130 ................ .100 .150 .104 .452 .594Nozzles spaced 24 inches apart
10

.20215 .. .30220 .....25.. .405

.50530 .604Nozzles spaced 28 inches apart

15
20 ........
25
30

Nozzles spaced 32 inches apart
10 ... ........... 054 .080 .162 .240is .080 .120 .212 .36220 .108 .160 .324 .481)25 . ...... ......... .134 .200 .404 .60230 ... .16(1 .240 .480 .720

Table 6. DISCHARGE PER NOZZLE IN GALLONS PER MINUTE NECESSARY TO GET REQUIRED APPLICATION PER ACRE AT DIFFERENT FIELD SPEEDS.

Speed of travel

6 8Required gallons per acre MPH MPH I MPH MPH MPH MPH
Gal. Gal. Gal. Gal. Gal. Gal. Gal. Gal. Gal. Gal.per per Per Per per per per er per perMm. MIH. Man. Mm. Mm. Mm. MM. MM. MM.Nozzles spaced 16 inches apart

10 .027 .040 .054 .067 .081 .108 .120 .161 .189 .21515 .040 .060 .081 .100 .121 .161 .181 .242 .283 .32320 .054 .080 .108 .134 .162 .216 .240 .322 .378 .43025 .067 .100 .134 .167 .202 .269 .301 .403 .472 .538.080 .120 .162 .200 .242 .322 .362 .484 .566 .646
.067 .084 .101 .117 .201 .236 .268.101 .125 .151 .177 .302 .353 .404.135 .167 .202 .235 .403 .472 .538.167 .209 .252 .295 .504 .590 .672.202 .250 .302 .354 .604 .706 .808

.040 .060 .081 .100 .121 .142 .161 .181 .242 .283 .323.060 .090 .121 .150 .181 .213 .242 .272 .363 .424 .485.081 .120 .162 .201 .243 .282 .324 .360 .484 .566 .645.100 .150 .201 .250 .302 .354 .404 .451 .605 .707 .807.120 .180 .242 .300 .362 .426 .484 .544 .726 .848 .970

.047 .070 .094 .117 .142 .164 .191 .210 .236 .282 .331 .376.070 .105 .142 .175 .212 .248 .282 .317 .353 .424 .495 .565.094 .140 .188 .234 .284 .328 .382 .420 .472 .564 .662 .752.117 .175 .236 .292 .354 .412 .473 .527 .589 .706 .826 .941.140 .210 .284 .350 .424 .496 .564 .634 .706 .848 .990 1.13
.108 .134 .188 .216 .270 .322 .378 .430.162 .200 .284 .322 .404 .484 .566 .646.216 .268 .376 .432 .540 .644 .756 .860.268 .334 .472 .538 .674 .806 .944 1.076.320 .400 .570 .650 .810 .970 1.13 1.292
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discs, thus the capacity can be changed by simply inserting a new
disc. Screens in the nozzle are also desirable especially for .032-inch
and .039-inch nozzles. Names of distributors for fan shaped spray
nozzles will be furnished upon request.

Spacing of nozzles
For applying low gallonages per acre, the interval between noz-

zles will necessarily have to be greater than the recommended spacing
for high rate applications in order to avoid exceeding the desired
rate at normal tractor speeds. The required spacing can be obtained
from Table 6. If it is desired to apply 10 to 15 gallons per acre, a
32-inch interval is most satisfactory.

Booms designed for high rate applications with nozzles at ap-
proximately 16-inch intervals can be employed by simply inserting
a plug in every other nozzle outlet.

The penetrating power of the spray at a given pressure depends
upon its distance from the foliage. Since the penetrating power
decreases and more drift takes place as the distance from the foliage
increases, it is recommended that the boom be at proper height when
adjacent spray fans meet, giving single coverage instead of the
double coverage recommended for high rate applications where noz-
zle intervals are less. Table 7 gives the height necessary to give
single coverage at various nozzle spacing. Nineteen inches above the
foliage is the required height when 80° angle nozzles are used at
32-inch spacing.

Pressure regulator
A pressure regulator is essential. It should meet the capacity of

the pump when the booms are being turned on and off. Since
orchard and cattle sprayers operate at much higher pressures than
are recommended for weed spraying, adjustment of the pressure
regulator will be necessary. Most regulators can be adjusted quickly,
to the desired pressure, by decreasing the tension on the regulator
spring. In case the desired pressure cannot be obtained by this
adjustment, it may be necessary to replace the spring with one de-
signed for lower pressures.

Thorough washing of equipment essential
A sprayer and other equipment in which 2,4-D has been used

should be thoroughly washed out before being used to spray orchards
and ornamental plants or for applying other materials to field crops.
Washing with water alone is not sufficient. The sprayer should have
a lye or soda ash solution circulated through it several times followed
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by at least two rinses with water. The solution should consist of 3
pounds of lye or soda ash in a tank half full of water. On wood
tanks the solution should be circulated then allowed to stand over-
night before it is flushed.

Determining Speed
Before commencing the spraying operation, the operator should

select some method of determining the speed of travel of the outfit.
One method is to measure off a distance corresponding to the feet
traveled per minute at the desired speed. Distances traveled per
minute at various speeds are given in Table 4. Four miles per hour
is equivalent to 352 feet per minute, while 4 miles per hour is
equivalent to 396 feet per minute and so on.

Next mark a point on the wheel of the tractor or sprayer which
can be readily observed. Then drive the outfit over the measured
distance adjusting the speed until the time required is one minute.
When the proper speed is obtained count the number of revolutions
of the wheel. Thereafter, by counting the number of revolutions
the wheel makes in one minute, the operator can easily check his
speed at any time and as often as desired.

Table 7. HEIGHT OF ROOM ABOVE VEGETATION FOR SINGLE COVERAGE, 60, 80, AND 90
NOZZLES AT DIFFERENT SPACINGS.

Nozzle spacing
60

Inches

Nozzles I 80

Tnches

Height

Nozzles

Inches

9O Nozzles

Inches
16 13.9 9.6 8
18 15.8 10.8 9
20 17.3 11.9 10
22 19.1 13.1 11
24 20.8 14.3 12
26 22.5 15.5 13
28 24.2 16.7 14
30 26.0 17.9 15
32 27.8 19.1 16


