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Accuracy Is Important 

The success of your spraying operation depends 
upon accurate control of the spraying rate. Heavier 
than necessary applications of chemicals, whether for 
control of weeds or insects, result in unnecessary 
costs for chemicals and may injure the crop or leave 
harmful residues. If applications are toO light, inef
fective control will result. 

Application Rate 

The number of gallons applied per acre depends 
upon (1) the nozzle size, (2) the pressure at which 
the system is operatec, and (3) the speed at which 
your sprayer travels. A recommended application 
rate is generally included in the directions printed 
on the label of the chemical container. The number 
of gallons of mixture (chemical and water) you spray 
on an acre may vary over a rather wide range. The 
important thing is that you apply the correct amount 
of active ingredient per acre. For example, a pound 
of 2,4-D generally gives as good a kill when applied 
with 10 gallons of water per acre as when applied 
with volumes up to 100 gallons per acre. 

The delivery rate of an individual nozzle de
pends upon the size of the orifice and the discharge 
pressure. Delivery rates for various types and sizes of 
nozzles (usually based on water as the liquid) may 
be obtained from manufacturer's literature. Table 
1 gives examples of typical rates from various types 
of nozzles. . 

Since the output of a given nozzle varies as the 
pressure is changed, it is essential that a constant 
pressure be maintained ·throughout the spraying op~ 
eration. To accomplish this, a pressure regulato~ . or 
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relief valve with a return line to the supply tank is 
used. When positive displacement pumps (reciprocat
ing, gear, roller, or flexible impeller) are used, such 
regulators are essential to prevent damage to the 
pump when the boom valves are closed. 

The pressure gage should be located so that it 
can be seen easily. The boom on a well-designed 
sprayer has sufficient capacity that there is very little 
pressure drop from one end of the boom to the 
other. 

The most suitable way to control the number 
of gallons applied per acre is by selection of nozzles. 
For weed sprayers, use nozzles which produce a flat, 
fan-shaped spray. They give a more uniform cover
age than those which produce a cone-shaped spray. 

The capacity or delivery rate of a spray nozzle 
is usually expressed in gallons per minute (GPM) 
at a given pressure. To .select the proper nozzles you 
will need the following information: 

1. The appro-ximate number of gallons to be 
applied per acre (GPA). 

2 . The approximate fieid speed (MPH). 

3. The nozzle spacing. 

* This publication is a result of cooperative research ·of the Agricultural Engi
n=ing Research Division, ARS, ·USDA, and the Department of Agricultural 
Engineering, University of Missouri. The authOrs · are research agricultural -
-engineer and professor of agricultural e.ngineering, respectively. 



The delivery rate for each nozzle in gallons per 
minute (GPM) can then be determined as follows : 

Example 1 
You wish to apply approximately 30 gallons 

per acre at a speed of about 4 MPH using a boom 
with a nozzle spacing of 20 inches. 

30 x ~o x 4 . - --- = 0.4 gallons per mmute 
6000 

You should select nozzles which will deliver 
approximately 0.4 gallons per minute at the recom
mended pressure. 

Example 2 

You wish to apply approximately 40 gallons 
per acre at a speed of about 5 MPH with the chem
ical being applied on a 12-inch band. 

:i0 x 12 x 5 = 0.4 gallons per minute 
6000 

Again you should select nozzles which will 
deliver approximately 0.4 gallons per minute at 
the recommended pressure. 

The examples above show that the nozzle size 
has an important effect on the sprayer output. It is 
also essential for all nozzles to be the same size and 
have the same fan angle. Fan-type nozzles, which 
are recommended for herbicide application, are avail
able in two types of spray patterns: (1) the tapered 
edge pattern used for broadcast pre- and post-emer
gence applications (top drawing) and (2) the even 
spray pattern used for pre-emergence band-type ap
plication of herbicides (drawing at right). 

Tapered edge pattern fan-type nozzles are de
signed for some overlap of the sprayed areas so that 
changes in boom height will not cause serious 
changes in spray deposit. When using your sprayer 
for broadcast application, it is very important that 
all nozzles have the tapered edge pattern so that 
even distribution of the spray material will result. 

Even-spray fan-type nozzles maintain a uniform 
distribution throughout the entire pattern, giving 
an even coverage across the band. The even-spray 
fan-type nozzle should be used for pre-emergence 
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banding application of herbicides. Even spray fan
type nozzles should not be used in a broadcast 
boom. Overlapping the patterns with even-spray 
fan-type nozzles will result in a non-uniform appli
cation. 

Tapered-edge pattern obtained with noz:zles used for broad
cast spraying. 

Rectangular pattern obtained with noz:zles used for band 
spraying. 
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1. Fill the supply tank with 
water and operate the pu mp. 
Adjust the pressure to that rec
ommended for nozzles being 
used. 

2. Place a container such as a 
quart fruit jar under each nozzle 
and see if all the jars fill in 
about the same time. If there is 
much variation, check the noz
zles for foreign material. 
Nozzles which continue to show 
variance should be replaced. 
If nozzles near the end of the 
boom have a lower delivery 
rate than those at the center, 
the boom capacity may be too 
small. 

3. Operate the sprayer at the 
speed to be used in the field on 
a measured course with a mini
mum length of 300 feet. The 
course may be laid out on the 
area to be sprayed or on a simi
lar area. Measure the time re
quired to make one round trip 
(do not include the ti me required 
for turning). An ordinary pocket 
watch is sufficiently accurate. 
Calculate the area which would 
have been sprayed by the round 
trip over the measured course. 

The area covered = distance 
traveled (ft.) x swath width (ft.) 



I installed nozzles in thl! boom.) 

4. With the sprayer in a station
ary position, completely fill the 
supply tank with water. 

s. Without moving the sprayer, 
operate the sprayer for a period 
of time equal to that required 
to make the round trip over the 
measured course as determined 
in step 3. Be sure that the sprayer 
is operated at the same pressure 
as will be used when spraying. 

6. After the sprayer has been 
operated for the required time, 
measure the amount of water 
required to refill the supply tank. 
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7. Determine the gallons applied per acre. 

Gallons to refill tank --=-==.::..:..=...-=-=--===-..:==- = Gallons per Acre (GPA) 
Area covered (acres) 

8. Determine the amount of chemical for each full tank as follows: 

Tank capacity . b d b f a. = Acres that wIll e covere y one ull tank 
GPA 

b Ibs. active ingredient to be applied per acre 11 f h . 1 d d . = ga ons 0 c emlCa nee e per acre. 
Ibs. active ingredient per gallon of chemical 

c. Then, acres per full tank x gallons of chemical needed per acre = gallons of chemical per 
full tank. 

EXAMPLE 

A measured course 330 feet long is found to require 54 seconds for traveling 

one direction and 56 seconds traveling the opposite direction or a total of 110 sec

onds for the round trip. The sprayer has 12 nozzles spaced 20 inches apart. 

The swath width (ft. ) = No. of nozzles x nozzle spacing or band width (inches) 
12 in.lft. 

12 x 20 -'---~ = 20 feet. 
12 

The area covered = distance traveled (ft.) x swath width (ft.) 
13,200 sq. ft. 

Acres covered = .::ar:...:ea:.::....;c:...:o'-'-v..=;er:...:e..=;d'-'-Cl...:s...:.o.9'-· :...:ft::...J.. )c- = 13,200 = 0.303 acre. 
43,560 sq. ft. per acre 43,560 

660 x 20 = 

Mter operating the sprayer for a period of 110 seconds, it is found that 9-1 / 2 

gallons are required to refill the tank. 

Gallons per acre = gallons to refill tank = ~ = 31.4 gallons per acre. 
area covered (acres) .303 

If the tank has a capacity of 100 gallons, the chemical has a concentration of 
four pounds per gallon and the desired application rate is 1-112 pounds active ingre
dient per acre, then 

Acres covered by one full tank = tank capacity = 100 = 3.18 acres. 
GPA 31.4 

Gallons of cherriical needed per acre = Ibs. active ingredient per acre 
lbs. active ingredient per g~llon of chemical 

.!.1 = 0.375. 
4.0 

Gallons of chemical per full tank = acres per full tank x gal. of chemical needed 
per acre. In .this case, 3.18 x 0.375 = 1.19 gallons. 
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Remember that in order to determine the spray 
width, you multiply the number of nozzles times 
the width sprayed by each nozzle. In this bulletin , 
we refer to the actual area sprayed as the area cover
ed by the sprayer. For example, if the sprayer is 
applying four bands that are 12 inches wide, the 

Some of our newer herbicides used for weed 
control in row crops are manufactured as a dry ma
terial which must be mixed with water in order to 
be sprayed on the soil or plants . Some of the dry 
types go into solution while others are used in sus
pension. To spray these materials, it is necessary to 
use enough water to keep the herbicide in suspen
sion or solution and to provide some type of agita
tion. Hydraulic agitation caused by the by-pass flow 
is the most common type agitation used. Special 
nozzles are available which may be attached to the 
sprayer system to increase agitation. Mechanical agi
tation by propellors or paddles can be used to keep 
herbicides in suspension or cause herbicides to go 
into solution more readily. When using dry formula
tion herbicides, some form of agitation must be used. 

The following mixing and application recom
mendations assume that hydraulic agitation is used 
in the spray tank. The herbicide settles to the bot-
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sprayed width would be four times 12 or 48 inches 
Qf sprayed area. The calculation of gallons per acre 
(step 7) will then be based on the actual area sprayed 
rather than the area or total acreage covered by the 
sprayer. 

tom of the tank and can cause clogging of the spray 
nozzles and screen if too small an amount of water 
is used. 

Table 2 shows minimum application rates for 
several of the more common dry type herbicides. 
The figures in the chart are based upon an average 
field speed of 5 MPH. For example, if your sprayer 
is calibrated to apply a total of 20 gallons of mate
rial per acre when traveling at approximately 5 MPH, 
then you will have no problem in applying atrazine 
as a preemergence herbicide. 

If, on the other hand, you have calibrated your 
sprayer and found that it only applies 8 gallons per 
acre when travelling at a field speed of approximately 
5 MPH, it will be necesary for you to obtain larger 
nozzles so that the application rate will be increased. 
Not only will the small nozzles cause clogging, but 
the small amount of water will not keep the herbi
cide in suspension or allow it to go into solution. 



TABLE l--TYPICAL RATES FROM VARIOUS SIZES OF NOZZLES 

Gallons Per Acre 
Pressure Capacity 2 3 4 5 8 10 

Nozzle PSI GPM MPH MPH MPH MPH MPH MPH 

A 20 .07 10.5 7.1 5.3 4.3 2.8 2.2 
25 .08 11.8 7.8 5.9 4.7 3.1 2.4 
30 .09 12.9 8.6 6.4 5.1 3.4 2.6 
40 .10 14.9 10.0 7.4 6.0 4.0 3.0 
50 .11 16.7 11.2 8.3 6.7 4.5 3.4 
60 .12 18.2 12.2 9.1 7.4 4.9 3.7 

B 20 .14 21 14.0 10.5 8.4 5.6 4.2 
25 .16 23 15.7 11.8 9.4 6.3 4.7 
30 .17 26 17.2 12.9 10.3 6.9 5.2 
40 .20 30 20 14.8 11.8 7.9 5.9 
50 .23 33 22 16.5 13.2 8.8 6.6 
60 .25 36 24 18.1 14.4 9.7 7.2 

C 20 .28 43 28 21 16.8 11.2 8.4 
25 .32 47 31 24 18.7 12.5 9.4 
30 .35 51 34 26 21 13.7 10.3 
40 .40 59 40 30 24 15.8 11.9 
50 .45 66 44 33 27 17.7 13.3 
60 .49 73 49 36 29 19.4 14.6 

D 20 .56 84 56 42 34 22 17 
25 .63 94 63 47 37 25 19 
30 .69 103 69 52 41 27 21 
40 .80 119 79 59 48 32 24 
50 .89 132 89 66 53 35 27 
60 .98 145 97 73 58 39 29 

TABLE 2--MINIMUM MIXING AND APPLICATION RATES FOR SEVERAL DRY FORMULATION TYPE HERBICIDES 

Herbicide Percent Minimum 
and Active Appl ication 
Rate Ingredients Volume (GPA) Y 

Atrazine (2 Ibl A) 80 12 

Simazine (2 Ibl A) 80 18 

NaPCP (20 I bl A) 79 15 

Linuron (2 Ibl A) 50 20 

Propazine (2 Ibl A) 80 8 

Y At an assumed speed of 5 MPH, 20-inch nozzle spacing. 

Y Calibrated flow rate to achieve the application rate .. ' 

¥ Actual material. 

Nozzle Mixing Rate 
Flow for Min. 

Rate (GPM)Y Appl. Vol. 
(Ibs/gal) .¥ 

.202 .208 

.303 .139 

.253 1.688 

.337 .200 

.135 .312 
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