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FERTTLIZER APPLICATION EQUIPMENT

Ground Operated Dry Fertilizer Distributors

Most fertilizer is applied in dry form through ground oper:

There are many modifications of several types of fertilize:

systems. Some of the major types are discussed in this chapter.

Broadcast Application Equipment

Equipment used to broadcast fertilizers may be classed as 1
greater than machine width. Full-width machines distribute
a swath only over the width of %he applicator. Applicators
fertilizer in excess of machine width in each pass are equi
conveyors or spinners. Slater (28) reported the full-width
a plate—and-flicker type of mechanism was most used in Engl
On the other hand, trucks or trailers with spinners are pro
pépular type of broadcast equipment in the ﬁnited States.

this equipment is commercially owned.

Spinner and Boom Type Spreaders--Machines which broadcast f
swath greater than‘applicator widtﬁ are of two general type
popular type uses a spinner or spinners to distribute ferti
been metered to the spinner(s). The spinner is also called
fan-type or centrifugal distributor. The other type uses g
on one side or both sides of the applicator to distribute f

applicators may be of the truck or trailer type.
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Smaller units may have a 3-point tractor hookup, using an adjuS'

and gravity feed. Some of these smaller units use an aglitator :

gate,

table gate

above the

Most truck and trailer applicators use a chain conveyor and an adjustable

tail gate metering mechanism., An auger feed is used on a|few ag
Small trailer applicators use gravity flow through an adjustable
metering material. Chain conveyors are both the slatted drag-ch

and stainless steel belt type. Slatted drag-chain conveyors are

sulted for spreading low rates of fertilizers (12) but are

for applying soil amendments such as lime and gypsum. Now, most
conveyors are made of stainless steel belts similar to that show
Fig. 1. To reduce corrosion problems, many manufacturers jare us
less steel for other spreader components such as the metening ga
and adjusting screw, drive chains, hopper and meteiing dials. E

on the inside of hoppers are also being used to minimize corrosi

truck spreaders use a supporting shield above the conveyor

on the conveyor.  An inverted V-shaped support is shown in

Conveyor belts must be uniform in thickness to have a constant d
of materials for a given gate setting. Also, belts with widely
give an uneven flow of material. For a constant application rat
conveyor speed must be geared to the applicator's ground speed.

ground drive the application rate decreases when ground speed in

more
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The effect of ground speed upon rates of application for three types of

feed mechanisms is shown in Fig. 3.




The rotary feed system consists of a fluted cylinder whic
given volume of material. Within the speed range tested,
very good results while the drag-chain with an adjustable

mediate and the gravity feed system with an agitator was

h displaces a
this system gave
gate was inter-

least accurate.

These data emphasize that greater accuracy is obtained where positive feed

mechanisms are used. Even the rotary feed system is base

d on voplumetric

displacement and is inherently inaccurate because of varying densities of

fertilizers.

Truck units drive the chain conveyor by a hydraulic pump

truck power takeoff or in some cases from a wheel drive.

may be synchronized with the truck driveshaft rpm., Other

the conveyor from a drive wheel which contacts a ground w

is employed with some drive wheels to furnish more power
application. Also, a 2-speed gear box is used on some sp
wide range of application rates. Others use interchanges

to obtain this flexibility.

Trailer spreaders primarily use a drive wheel contacting
wheels for the conveyor drive. However, some units use a
Tractor-pulled trailer applicators4and tractor-mounted ap
spread materials. The capacity of trailers generally var

but smaller trailers are available.

There are two types of truck spreaders: One spreads mate
other blends and spreads. Truck spreaders range in capac

tons. Blender-spreaders use two or three hoppers. Sever

operated from the

The conveyor speed
truck units drive
heel, | A power boogter
for high rates of
readeris to give a

ble chain sprockets

one or two ground
universal drive.
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spreaders also have a tank and separate distribution syst

solutions as shown in Fig. 4. Also, liquid-dry trailer spreade

widely used in Florida citrus groves. This unit is parti

to fertilizing citrus since many groves do not now requir

applications. Therefore, fertilizalion may be accomplished by

nitrogen solution and potash.

A typical spfeader unit is shown in Fig. 5. The chain be
and liquid pumps are ground driven. Spinners are driven
Thus, granular fertiiizer is distributed conventiﬁnally.
distributed through slits in rubber tubing supported by a
on each side of the trailer and a short fixed boom under

spreader (33).

Blending in blender-spreaders is accomplished by continuo
individual materials onto a common conveyor belt or into
or into a twin-auger mixer. Metering is usually done by
and adjustable gates. However, some units meter individu
the common conveyor by the use of fluted cyliinders and ad
(Fig. 6). The'mixing is accomplished during conveyance t

(spinner or boom).

Another modification of the blender-spreader is the use o
in the bottom of both compartments to deliver a metered g

material direclly to a spinner. Rate of delivery is cont
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gate openings from each compartment. Mixing the materials i
by a specially designed spinner. Unique characteristics of

blender-spreader are shown in Fig. 7.

S accam;

ished

T
o
3o

this type of

As mentioned above, for applicators which spread material but do not blend

fertilizers, conveyor speed of the blender-spreader should be geared to the

ground speed of the equipment. Also, the metering mechanism should be geared

to ground speed to obtain uniform rates of application and uniform blend

ratios during changes in ground speed.

Spinner Distributors--Spinner distributors are used on 3-point hitch tractor,

trailer, or truck mounted equipment.
widely used on trucks and trailers.
by hydraulic motors powered from the power takeoff or by an
engine.

Most spinners on trailer spreaders are driven from

power takeoff,

Spinners on truck spreaders

Both single and 2-spinner units are

are driven

auxiliary
the tractor

However, some trailer units use a ground drive from the

spreader wheel and others use an auxiliary engine to power the spinner.

The speed of the spinner must be constant to obtain uniform swath width and

distribution.

and the ground-driven spinner is least accurate.

The auxiliary engine is more accurate from this standpoint

A fairly|constant spinner

speed can be maintained from the power takeoff drive when ground speed

changes are made through gear shifting if the tractor does|not have a

ground-drive power takeoff.

The use of spinner distributors for blended fertilizers may result in

segregation. When blending fertilizers, it is important to consider the




distribution of particle sizes and particle density of each mat

Larger particles tend to form wider patterns than smaller parti

Lower density particles tend to form narrower patterns than mor

particles.

|
The effect of particle size upon the distribution of granular f

by a single spinner is shown in Fig. 8. The blended fertilizer

of 50 percent by weight of minus 10 to plus 14 mesh particles a

minus 6 to plus 8 mesh particles. Using a 30-foot spacing, the
| ,
application of minus 10 to plus 14 mesh material varied from ab

pounds per acre to 250 pounds per acre. With the same spacing

of application of minus 6 to plus 8 meshbmaterial ranged from 1

pounds per acre. This plotted distribution pattern shows| the o

spacing for the larger materials was too wide to give a good pa

for the smaller matefial.

A similar plot of fertilizer distribﬁtion from a 2-spinner blen
spreader across a 34-foot swath is shown in Fig. 9. The #ateri
larger than 9-mesh size was applied at rates ranging across the
from 25 to 45 pounds per acre. The variation of application ra
a swath ranged from 30 to 130 pounds per acre for the material

than 9-mesh size. The 3bh-foot sﬁath resulted in fairly uﬁiform
bution for larger particles but was too wide for smaller partic
Two spinners may not necessarily give better distribution than

épinner (29).

erial (18).
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Certain adjustments on the spreader may be made to improve

pattern. An increase of the blade pitch or .a decrease of spinne

delay departure of fertilizer from the spinner (12). The effect

speed on distribution of particles is shown in Fig. 10. Placeme

material on the spinner may be moved closer to the center or mov

direction of spinner rotation to obtain later departure of

ment of fertilizer on spinners generally affect the distripution

shown in Fig. 11.

Boom Distributors--When boom-type distributors are used, they ar

found on spreader trucks. These spreaders use a boom extending

both sides of the spreader. The booms are optional attachments

blender-spreaders and general purpose spreaders. Metering

to the booms may be accomplished by the same methods used for th

spreader. One type spreader directs the material to booms

the truck via a flow divider and a pair of delivery chutes.

moved across adjustable openings located at é-inch intervals in
by an auger inside each boom. Other boom-type spreaders’use ad

conveyor instead of an auger in each boom. Fertilizer is discha

of fes
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to one or
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through long tapéred openings or through small adjuétable openings in the

bottom of the boom. The iatter type sometimes return a portion

fertilizer for a second pass along the boom.

Blended materials of unmatched particle size tend to segregate w

of the

ith boom

distributors to about the same degree of nonuniformity as with spinner

distributors (Fig. 12). There is little segregation due to part

with the drag-chain type booms where small adjustable openings a

icle size

re in the




boom. However, with a similar conveyance with tapered openings in the

boom, the greater portion of large particles is deposited

near the

spreader. The auger boom conveyor carries a greater portion of large

particles away from the spreader. This latter pattern is similar to

that obtained with a spinner distributor.

Full-Width Distributors--Machines which broadcast material

approximately the width of the hopper can be classified by

in three categories:
1) gravity flow through adjustable gates,
2) displacement feed mechanism, and

3) a combination of 1 and 2.

Spreaders of the gravity flow-type distribute fertilizer tk
openings spaced along the bottom of the hopper. Hebblethws
(14) reported the plate-and-flicker type of distributor is

Burope. A sketch of this type dirtributor is shown in Fig

in an |area
the method of

controlling flow of materials. It is convenient to plaqs these machines

irough adjﬁstable
aite and Pascal
most common in:

13, |Material

flow is controlled by an adjustable gate opening and is spread by rotating

flickers throwing it from the revolving plates.

Probably the most popular full-width distributor in the United States is a

gravity flow spreader with an agitator above the gate openings. This type

of spreader is illustrated in Fig. 14. Several variations‘

of the agitator are used. Agitators crush lumps and assis

in the design

in obtaining

a uniform rate of feed with changing fertilizer level in hoppers| (7).

Agitators are commonly driven from a spreader wheel.




Broadcast distributors which meter fertilizer only by a dis

mechanism usually use an auger or a fluted rotor feed system. The

oy

important features of an auger type spreader are shown in }
spreader is available in widths from 10 to 34 feet and has

of about 100 pounds per foot of hopper length.

Most broadcast spreaders which use both adjustable openings

placement mechanism to meter fertilizer use moving belts or

placen

nent

ig. 1%. This

a hopy

ber capacity

and a dis-

star

wheels

for displacement. The star wheel feed mechanism illustrated in Fig. 16

is most commonly used. In this type of spreader, ‘fertilize

r ig carried

through gate openings on and between projection points of @he wheel., The

material carried through the gate on the wheel is scraped &

ff as

the

projection points rotate back into the hopper. Rates of a plication are

adjusted by varying the gate opening, the speed of rotation of the star

wheel in relation to ground speed and/or changing the shape of the

|
star wheel.

Southwell and Samuel (31) tested full-width spreaders of th

(with agitator), star-wheel and auger types for accuracy of

e gravity flow

application.

Prilled urea (small, smooth spherical particles) with a bulk density of

45.8 pounds per cubic foot and a somewhat coarse granular 1
a bulk density of 64.5 pounds per cubic foot were used in t
The rate of application varied considerably from the manufs
quﬁted rate for a given machine setting (Table 1), Also, a

the rate of application of each fertilizer was different fo

0-10~-10 with
he studies.
cturer's

s expected,

r similar




operating conditions. But, for the displacement feed spre
of application rate of 10-10-10 to urea was about the same

their bulk densities. This again points to the inherent i

volumetric feed mechanisms. These data indicate that infag

density of fertilizer would be useful in adjusting applicators hi

nominal application rate. Also, the manufacturer's suggeé

should be based upon the density of fertilizers.

In the test: mentioned above, rates of delivery were deter

time periods for pairs of openings across the spfeader. T
simulate expected variations down rows, between rows, and
across a field. The estimated variability across a hypoth
+ 24 percent from the mean rate with the gravity flow mach
for the displacement-feed applicator and * 18 percent for

feed applicator (31).

Hepherd and Pascal (17) tested the performance of several .
including the plate-and-flicker type. They found the vari
verse distribution of material from the plate-and-flicker
about *+ 50 percént of the mean application rate. However,

receiving a low application rate was within 6 inches of an

a high applicafion rate. The separation between areas of
rate corresponded to the distance between flickers. This |
ié well within acceptable limits. However, distribution a
this type of spreader may vary considérably especially on

Bumping the spreader causes spillage of fertilizer from th

there is a time lag (filling of plates) before normal dist
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Row or Band Application Fguipment

Most of the metering mechanisms previously discussed are also used on band
application equipment. Augers, fluted‘rotors, belts (fabri- and stainless
steel) and star wheels are used. Auger and fluted rotor feed mechanisms
are of positive displacement type. Rate of application with the auger

system is controlled by varying the speed of rotation of the auger through

changing sprockets on the auger shafts. One auger feed system is iliustrated
in Fig. 17. Some applicators use large hoppers and have reverse augers on a
common shaft, which meter fertilizer from each end of the hopper. | The
application rate can be controlled in the fluted rotor sysfem by varying the
speed of rotor rotation. The main features of this system are shown in

Fig. 18.

Both belt and star wheel feed mechanisms depend upon displacement and gate
opening to meter fertilizer. These metering systems have been digcussed
in earlier sections of this chapter. Use of the belt feed systems is

increasing in the United States.

The trend in band application equipment has been toward the use of larger
hoppers to decrease the number of stops. However, bridging of the fertilizer
has caused applicatioh problems in some equipment. Where planting is done
on beds or ridges, there ig increased use of band fertilizei applicators in
conjunction with machines which prepare the ridges. Many band fertilizer
applicators are now equipped with fiberglass hoppers. Some of the fluted

‘

roters are made of nylon and many of the gates, belts and other metalic

parts are made of stainless steel.




Fluid Fertilizer Application Equipment

The discussion of fluid fertilizer application equipment w

application of pressure and nonpressure solutions and suspension

solutions include anhydrous ammonia and solutions containing fr
The use of fluid fertilizers has increased rapidly in the|last
especially in the United States and France. This rapid g

about many changes in application equipment.

Anhyvdrous Ammonia Fquipment

Aniiydrous ammonia is usually metered by one of two methods. In

a variable orifice meter is used. Fig. 19 is a sketch of a typ

meter which has a calibrated plunger that moves in an orifice p

V-type groove is machined into the plunger so that a larger ope

exposed between the orifice and the groove as the plunger moves
the orifice plate; Constant pressure is maintained on the orif
by means of a diaphragm and spring device. This diaphragm,make
possible to maintain a constant pressure tﬁat is not aff%cted k
of pressure in the applicator tank or by back pressure f%om the
knives on the orifice plate. Liquid from the orifice me%er is

tubes to appliéation knives. These knives are usuélly shaped 1

rill in

rowth }
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1clude
18, Pressure
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few years,

1:as brought

one method
ical orifice
late. A
ning is
out from

ice plate

s it

7y changes

) épplication

directed by

n the form

of curved swords which inject the ammonia 6 to 12 inches beneath the soil

surface. Two paddle-shaped blades on the applicator cover the
the soil made by the knives. This type of metering system is ¢
upon speed of the tractor. If the application rate is to be w

constant tractor speed must be maintained.

One manufacturer fabricates a variable orifice meter which has

device attached to the diaphragm. He reports that this orific

groove in

dependent

niform, a

& governor

e 1s not




dependent upon tractor speed. As tractor speed is varied the g

device varies the spring tension on the diaphragm. The result
compensation in the ammonia flow proportional to the change in

Fig. 20 is a sketch of a piston-type metering pump--another typ

device used to control the flow of liquid anhydrous ammonia to

applicator knives. Ground-driven through a system of sprocketsg

double~-acting variable stroke piston. The application rate is
by varying the strokes of the piston. Incoming ammonia flrom th
tank is cooled in a heat exchanger consisting of pipes wi

Liquid from the heat exchanger enters the piston through [the in

The cylinder in which the piston moves is divided into two comp

There is an inlet and a discharge valve in each compartment. O
of the cylinder discharges while the other is filling. Therefq
is a delivery stroke for each stroke of the piston. As ﬁhe pis

\
to the left, the righthand section of the cylinder fills.

The
valve opens, and liquid ammonia flows from‘the liquid header in
section of the cylinder. The movement of the piston to ﬁhe lef
the lefthand side of the cylinder to discharge through the outl
which in this instance is open. Liquid discharged from the out
expands and passeé through the vabor gide of the heat exc

hangex

This vapor cools the incoming liquid from the applicator tank a

that liquid aemmonia is delivered to the header. As the stroke
to the right the inlet valve closes, and this section of the cy

discharges into the outlet header. As the stroke continues to

the inlet valve in the lefthand section of the cylinder qpens 8
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inlet valve closes. Liquid ammonia is then drawn into the left

section of the cylinder. The back and forth movement of the pi
the cylinder creates a constant metered flow of- ammonia to the

knives.,

Broadcast Applicators

re com

Nonpressure solutions (no free ammonia) and suspensions a
cast applied. Fig. 21 is a sketch of a truck eqﬁipped for broa
fluid fertilizers. This truck has a single flooding-type nozzl
on the nozzle is maintained by pressure in the applicator tank.

a compressor enters the applicator tank through a sparger mount

and near the bottom of the tank. This sparger agitates suspens

fluid fertilizers. The sperger is not necessary for clear liqu
Application rates are varied by changing the size of the nozzle
the truck or height of nozzle from the ground. If a pressure o
pounds per square inch is maintained in the tank, the po@nds pe
applied remains relatively constant. This is because thé incre

due to increase pressure, is compensated by wider swath width.
: i

Fig. 22 shows another type of broadcast application truck for f

fertilizers. This truck varies the pressure on the nozzles by

the ‘amount of liquid recirculated to the applicator tank. Liqu

pumped to the nozzles and recirculated by a centrifugal pump.

uses more than one nozzle. TVA tests indicate that when multin

are used, it is difficult to control overlapping of application

individual nozzles. When overlapping occurs, the rate of appli

not uniform. These tests also show a more uniform application

fertilizer can be obtained by using a single flooding nozzle.

14

hand
ston in

applicator

monly broad-
dcasting

e. Pressure
Air from
ed inside
ion-type
ids.

, speed of
f 20 - 30

r acre

ase flow,

luid
varying
id is
The truck
ozzles

by
cation is

of fluid




15

Fig. 23 is a cut-away sketch of a slinger-type applicator recently
developed for the applié;tion of suspensions. An agitator in the shape
| of a sweeping baffle agitates the liquid in the applicator tank. The

slinger mechanism causes the material to be pumped from the applicator
tank as it rotates. The applicator has been tested with y types of

suspensions and has been satisfactory for applying even tbe mogt

difficult to handle.

Row or Band Applicators
Most liquids applied in the row are handled by some kind of gfavity—flow
system as shown in Fig. 24. This type of applicator has an airtight tank
with a vent pipe. A constant pressure is maintained at tLe orifice plate.
independently of the height of the liquid in the‘tank. The orifice disk
metering head is composed of an orifice disk and holding device. The
orifice disk usually has six graduated holes. The rate of liquid being

metered is controlled by the speed of the tractor and theLsize of the

hole in the orifice plate. Many farmers find they can convert a 55-gallon

drum to a constant head metering system instead of purchaging prefabricated
equipment of this type. Fig. 25 is a sketch of a drum that has been
converted to a metering system. The breather pipe is usually installed in
the filling hole of the tank., It is important that the drum be airtight

so a constant pressure can be maintained on the orifice p%ate. The orifice
assembly is usually fabricated from a standard machine pi‘e union and has

a flat digk-type orifice plate. The union must be opened%and the orifice

plate changed each time the application rate is changed to a degree where

1t cannot be varied with tractor speed.




Positive Digplacement Pumps

Fig. 26 is a sketch of a typical piston-type metering pump for
fertilizers. Details of the operation of this pump are sﬁmilar
of the anhydrous ammonia metering pump, but this pump for| liquic
fertilizers does not require a heat exchanger. Liquids that haj

slight vapor pressure~-such as aqua ammonia--also have been sati

applied with pumps of this type.

Fig. 27 is a sketch of a squeeze pump used for row applic}tion q
fertilizers. As liquid is squeezed from the rubber tubes; more
drawn into them from the applicator tank. The quantity o‘ liquj
by the pump is varied by changes in the speed of the rollérs as
over the tubes. The roller speed is changed by varying the grou

sprockets of the drive to the pump.

Fig. 28 is a sketch of an internal gear pump~-another type posif
displacement pump used to apply liquids, either in the row or br

This pump consists of a gear which revolves inside another gear

motion of the gears provides positive pumping of liquid from the

applicator tank to the application knives. The pump is usually

driven. Quantity of liquid delivered to the application knives

upon the shaft speed of the internal gears.

Another pump of this type has a roller-impeller. Fig. 29 is a
sketch of this pump.

housing, it draws liquid from the applicator tank and delivers

As the roller-impeller passes over the ect
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application knives. The quantity of liquid delivered by the pump is

dependent upon the shaft speed of the roller impellers. ?hese shafts can

be either ground-driven or driven by a power takeoff.

Applicators for Multiple Fluids

Application systems where two or more fluid fertilizers are applied
simultaneously are used to a great extent in the United States. Usually
one of the fluids is anhydrous ammonia and the other is a neutral ammonium

phosphate solution. In some instances phosphoric acid is|applied.

One dual applicator used to apply fluid mixed fertilizer and anhydrous
ammonia is shown in Fig, 30. Both fertilizers are injected into soil
immediately behind the furrow cutter. The sweeps are used to cut roots of
old stubble and prepare seedbed. Planting can then be done with a minimum

of tillage.

Aerisl Application

Use of airplanes in agriculture increased greatly after World War II (16).
Aerial application of fertilizer is mostly limited to cro%s or areag where
ground-operated equipment is not well adapted. In 1960, about 180,000 tons

of fertilizer were applied Ey aircraft in the United States (4).

In 1961, over 560,000 tons of superphosphate were applied by air to about
5.25 million acres in New Zealand (25). Mechanization of handling bulk
fertilizer for aerial application and large field sizes has resulted in

application costs as low as 0.45 cents per 100 pounds per acre.
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Cost of applying fertilizer to rice with aircraft in the United States is
about 0.8 to 1 cent per pound where relatively large volumes ane concerned

(1). Aerial application charges for fertilizing mountainous pastures

where smaller fields and lower concentration of workloads exist are from
1.2 to 1.4 cents per pound when applying about 300 pounds per acre (8, 32).
Johnson (19) reported a cost of about 2 cents per pound for applying
nitrogen solution at a rate of 140 pounds per acre on 700 acres of runway

shoulders at an airport.

The distribution of materials by aircraft is affected by airflow
resulting from the propeller slipstream and vortical airstreams around
each wing tip (35), The propeller slipstream carries material| from right

to left of the aircrafts'! flight path because of counterclockwise rotation

of the propeller. The wing-tip vortices tend to carry mkterial away from

the flight path (Fig. 31). ;
Other major factors influencing the distribution pattern of materials are
the size and design of the distributor and the feed mechenism. A positive
feed mechanism from the hopper is extremely important fﬁr certain materials.
Roberts and Smith (24) found large variations in rate of flow with changes

in hopper load as shown in Fig. 32 when a gate opening ‘ravity feed system

was used.

New Fixed Wing Agricultural Aircraft and Distribution SYstems
Scme planes recently introduced for agricultural work - the |[L-60 Brigadyr
from Omnipol, the Agricola from Auster Aircraft, Ltd., d the Distributor

Wing Agricultural Airplanes from Aerial Distributors, Iﬁc. The Brigadyr




is equipped withiull-gpan interconnected slots on the leading e

wings (3). This airplane has a minimm true air speed of] 40 mi

hour. The Agricola is the first aircraft specifically désigned

spraying (3).

Venturi Systems—--Most alrcraft distributors use a venturi

these systems air is forced into a scoop and through a restrict

to increase the velocity of flow. Materials to be spread are i

into the duct at the point of maximum air velocity and forced %
which guide the particles in the proper direction and to the de

of injection into the airstream. A pictorial view of a typical

Modifications of the single venturi system include the,donle ve

Swathmaster and Roth distributors. The Swathmaster is egsentid

venturi distributor is shown in Fig. 33.

venturi distributor designed as an airfoil., The airfoil has sl

top surface through which materials are distributed into§the ai

The discharge end of this type spreader usually measures‘about

across. The Roth distributor hag air vents on the bottom which

scoops for additional ram air entry. It was especially Aesigne

500 to 700 pounds of fertilizer per acre on cane fields in Haws
Distribution patterns developed from data of Nelson (23) with s

venturi and Swathmaster distributors are shown in Figs. 34 and

respectively.

Positive Fnergy Systems--The Agricultural Engineering Deﬁartmer

Mississippi State University designed an aerial distribution sy

The Distributor Wing Airplane is discussed in mo

syste

19

dge of the
les per

for

re detail below.
m. In

ed section
njected
hrough ducts
sired point

single

nturi,

1ly a

ots on the
ratream (23).
16 feet

L act as

d to apply
il (26).
single

35,

1t at

ratem with




i
an engine driven blower to give increase lateral velocity to the
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fertilizer

|
materials (24). The greatest velocity is at the throat--where materials

are usually injected--in the venturi system and at the distribut
in the positive energy system. The velocity imparted by the blg
somewhat overcomes the adverse effects of propeller slipstream a
material into the vortical airstreams of the wingtips. Tﬂe resy
better distribution and wider swaths. In tests with powd‘red ma
effective swath widths or flagging interval up to 120 feeg are d
(24).
particles. However, effective swath widths up to‘60 feet were ¢
with granular fertilizer from this positive energy distributor
The University of California, University of Wichita, and Aerial

Distributors, Inc., built and tested a plane which uses the posit

approach and distributes material through the aircraft wing (5)

or outlet
wer

nd ejects
1ts are
terial,

btained

Vortical airflow has less effect on granular particles than dust

btained

30).

bive energy

The

main engine is 290 horsepower rated. An auxilary engine (160 horsepowver)

drives a fan which forces air through the distribution system.
is metered from the bottom of the hopper by a hydraulic m$tor ds
metering gate into the high velocity airstream. Guide vahes di
material along‘the full lenth of the flaps where it isAdiécharg
a slot over the tfailing edge of ﬁhe flaps (Fig.36). A portion
for the distribution system is directed over the ailerons to in
their effectiveness (6).

i
Helicopter Distributors

The high initial cost, high maintenance cost, and small payload

limited the use of helicopters in applying fertilizers. In cou

where field size is relatively small, helicopters are accomplis

Fertilizer

riven rotary
stribute

ed through

of the air

crease

s have
ntries

hing a
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|
greater portion of aerial application work than in the U.}S. Fo
practically all aerial application work in Japan is done by heli
(M) and the helicopter is the most popular type aircraft used in
P pop

iritish Isles (3).

read g

Gravity Feed Systems—-A standard distribution system to sp

fertilizer by helicopter is shown in Fig. 37. Fertilizer flows

feed from the saddle hoppers through adjustable gates in each du

a spinning disc driven by an electric motor.

Another type distributor uses a spillplate under each hopjer in
imilar
|

moldboard plow. Particles dropped on the plates are dispersed.

a spinner or rotating disc. The spillplates are curved s

dispersal is also aided by additional airflow directed from the

shroud of the helicopter to the spillplate.

Positive Feed System--One positive feed distributor uses ﬁhe sad
hoppers with an auger to transfer and meter material from‘the bg
1
hoppers to a spinner. The auger and spinner may be driveﬁ by a
motor or separaté motors. Hydraulic motors are more satisfacton
gasoline engines or electric motors. It geems to be more desirg
drive the auger and spinner from separate power sources.

A distributor operating on the same principle of delivery |is sha

Fig. 38. This type system was started by a firm in Sweden but i
developed by a flying service firm in the northwestern United St

The entire distributor is hung from the hoist hook on the helica
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get dust well below the helicopter to reduce corrosion. Al 6-inch auger

|
(driven by a hydraulic motor) deposits material on & spinner. Since the .
spinner and auger are driven by separate motors, the speed of each may be

varied depending upon the rate of application, swath width degired, and

material used.

Hydraulic lines from the helicopter to the distributor contain quick

disconnect couplings for fast changing. By using two of these distributors,
one hopper is filled while the other is in use. A‘helicopter can almost
continuously spread fertilizer with this system, -Repreéentatives of the
firm developing this distributor hope to be able to apply fertillzer for

1
about 1.5 cents per pound.

Application Through Irrigation Systems

Most fluid and water soluble dry fertilizers are guitable for application
through irrigation systems. Ammonia solutions are applied in flooding or
furrow systems. However, excessive ammonia‘volatilization occurs from

ammonia solutions when applied through sprinkler systems (15,21), Urea-

ammonium nitrate and ammonium phosphate solutions may be applied

satisfactorily through either irrigation system.

Uniform distribution of fertilizer over the soil surface w%en applied in
irrigation systems is determined by water distribution andiadequate

mixing. The first factor is influenced by the deéign of the system, the
rate of water application versus the infiltration rate inté soil land in

the case of sprinkler systems, wind velocity and direction. The second

factor is influenced by the method or point of injection of fertilizer

solution into the irrigation systen.




To ensure proper mixing in an open ditch system, the solution 1

metered into the water at the end of the discharge pipe where

action in the stilling basin will cause proper mixing, With ar

system, injection of the solution into the pump suction #ine 01

discharge line ahead of pipe elbows or tees will provide| thoro

Injection Systems

Anhydrous ammonia and other fluid fertilizers may be metered f
or applicator tank. Ammonia metering is accomplished tbrough
discussed in the section on ammonis application equipment. In

ammonia solutions is made through a sparger positioned in the
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nay be
churning

1 enclosed
r into the

pgh mixing.

rom & nurse
gystems
jection of

ditch water.

Other commercial fluid fertilizers or dissolved dry materials are metered

into ditch water by a constant-head.supply'tank'and orifice sim
described in the section on fluid application equipment. Anot.
pressure system uses a pregsure regulator and high pressﬁre eyl
gaseous nitrogen'to maintain a constant pfessure on the goluti
Injecting solutions into sprinkler systamsrequiresa positive

differential between the solution and water in the sprinkler 1
Booher (9) repdrted that at least 23 companies mahufactufe equ
injecting fertiligers into sprinkler pipes. Injection systems

classified into four types: 1) injection into pump suction 1i

ion in

into discharge line through an auxiliary pump, 3) inject
charge line from a closed tank by maintaining a pressure diffe

4) an aspirator used to suck the fertilizer solution into the

ilar to that
her constant
linders of

on supply tank, -

pressure
ine.

ipment for

may be

ne, 2) injection
to the dis-

rential, and

pipeline,




A system for injection into the suction line of a turbine pump is

illustrated in Fig. 39. This system uses a shutoff valve betweern
fertilizer supply tank and the suction pipe to control the rate ¢
fertilizer solution flow. A line from the discharge pipe may be

to supply water to the mixing tank to dissolve solid fertilizers,

similar system may be used to supply solution to the suction pipe

centrifugal pump (34).

One method of injectihg fertilizer solution into the discharge 1i
an irrigation pump is to use a small high pressure pump to;obtair
pressure gradient necessary for injection. The prineciples ?f opel
of this unit are shown in Fig. 40. A positive displacemen% pump

|
An extra |power

by a self-contained water motor is usually used.
is sometimes used but units mey be operated from the drive shaft
irrigation engine. Disadvantages include the requirement of comy

with moving parts and the contact of corrosive concentrated solut

2L

1 the
£

used

> of a

ine of

1 the
ration
operated
source
of the
ponent s

tion

with moving parts. Martin (22) reported one case of pump $toppage after

12 hours of pumping ammonium nitrate solution. Relative corrosic

solutions to certain metals is shown in Table 2.

m of

A closed tank may be used for the fertilizer solution container when

metering solution .into the discharge line is accomplished by creating a

pressure differential across the supply tank. Allred and oy

discussed the method shown in Fig. 41. Shearer and Jackson (27)

trated the use of a shutoff valve in the main line between|the i:

(2)
illus=-

ntake and

outlet points of the solution tank to gain a pressure differential across

the tank. Other devices used to create a pressure differential 1

hbetween
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points in the irrigation pipe are coupler, elbow, gate or butterfly valve,

venturi-section, or a pipe enlargement. These systems meter a measured

amount of fertilizer when the supply tank is emptied and tiic total amount

of fertilizer applied per unit area can be accurately cohtrolled. Howaver{
the concentration of fertilizer in the irrigation water varies during

the period of application because of the continual dilution of] fertilizer
solution in the supply tank. Advantages of the closed tank system are the

simplicity and freedom from moving parts.

Cook, et. al. (11) described an injection system which depends upon a
pressure reduction in the irrigation line but does not use a closed fank.
A portion of the water from the irrigation pipe is bypassed through an
asﬁirator, creating suction that draws fertilizer solution intc the bypass

line (Fig. 42). A pressure reducing device located in the irrigation pipe

between the two points of connection gives a pressure differential and

causes injection of solution into the irrigation line.

Bryan and Thomas (10) studied the effectiveness of an auxiliary pump
and a closed tank system for introducing fertilizer solutions [in
irrigation water applied with a sprinkler system. They concluded that

reasonably uniform concentration of fertilizer was distributed through

the systems and that fertilizers were applied to soil as uniformly as

the irrigation water.
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Table 1. Variation in Application Rate for Two Fertilizers with
Three Types of Spreaders (31).
l/ Nominal :
Type of Rate Actual Rate
- Distributor Setting Uree, 10-10-10
Lbs./A. Lbs./A.
Gravity flow 112 336 218
Displacement 137 114 176
Combination 136 136 o197

: |
1/ - . |
Gravity flow type machine controlled flow rate by adjustable

openings in bottom of spreader, displacement type spreade:

bt ]

used an auger feed mechanism, and combination used a star

wheel displacement mechanism with adjustable gates.




Table 2. Relative Corrosion of Various Metal Sheets\after 4D
in Solutiongs of Commercial Fertilizers (22).

30

TImmersion

Corrosion Rating

bespho- Yellow

Fertilizer Solution Galvaniazed Sheet  Stainle

Solutions pH Alwmninum Steel ronze Brass
Calcium Nitrate 5.6 2 No No 1 1
Sodium Nitrate 8.6 1 2 No No No
Ammonium Nitrate 5.9 L 1 No 3 3
Ammonium Sulfate 5.0 3 1 No 3 2
Urea Nu-Green 7.6 1 No No No No
Phosphoric Acid 0.4 4 2 1 2 2
Diammonium Phosphate | 8.0 1 2 No 4 4
Liquid (17-17-10)2/ 7.3 1 No 4 4
1

Corrosion ratings are: No - none, 1 - slight, 2 - moderate, 3 - considerable

and 4 - severe.

2/
sulfate.

A commercial mixture of ammonium sulfate, diammonium phosphate, a:

nd potassium




. Spinmer-type trailer spreader showing staiuless steel conveyor be
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Fig. 2.
Spreader truck with twin spinners showing inverted
V-shaped support to ease load on conveyor belt.

-
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Effect of ground speed on application rate for three feed mechanisms (13).
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Liquid-dry trailer spreader commonly |

sed for Florlda citrus.
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Fig., 6. Fluted cylinder feed and auger conveyor on a blendexl—spre&

der.
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APPLICATION RATE LBS/HR.
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Fig. 8.
Effect of particle size on distribution of
fertilizer by a single spinner spreader (1
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Fig. 9.
Effect of particle size on distribution
fertilizer by a two-spinner spreader (1
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of -10432 mesh limestone particles (29).
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PLACEMENT ON SPINNERS ~ SPREAD PATTERN

Fig. 11.
Spread pattern of fertiligzer as
influenced by placement on spinners (29).
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Fig. 12. Fertilizer particle size segregation frem boom-type spreaders.




Fig. 13.
Plate-and~flicker spreader.
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Fig. 14.
Gravity flow spreader with an agitator.




Fig. 15. Auger feed broadcast spreader.




Fig. 16.

Star wheel feed type broadcast spreader.
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Anhydrous ammonia metering pump.
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RECIRCULATION LINE

Fig. 22. Truck mounted hydréulic operated broadcast applicator for fluid fertilizers.
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Fig. 24. Constant-head gravity-flow fluid

fertilizer applicator and METERING HEAD COMPBONENTS
orifice plates.
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Fluid fertilizer piston-type metering pump.
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Fig. 27.
Fluid fertilizer applicator equipped with squeeze pump.
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Fig 28
Internal idle gear pump for fluid fertilizers.
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Fig. 29.
Roller impeller pump for fluid fertilizers.
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WING TIP VORTEX
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ENTRAINED
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Fig. 31.

Entraining materials in wing-tip vortices (24).
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H

RATE OF FLOW,LBS./SEC.
[47]

N

HOPPER GATE OPENING, INS.

Fig. 32.
Rate of flow from a gravity feed hopper
as influenced by hopper loads (24).




TS

(/
-
o
. " \,.
L4
!
wht
N

Fig. 33. Single-venturi type aircraft distributor.
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Fig. 34.
Distribution pattern of fertilizer from a
single-venturi aircraft distributor (23).
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Fig. 35

ft distributor (23).




PILOT OPERATED,
HYDRAULICALLY
POWERED HOPPER
LiD.

ACCESS DOORS FOR
SERVICE AND CLEANING
= ' | OF WING| DUCTS

LYCOMING
10-540 290HP
MAIN ENGINE

BELT DRIVE
FROM AUXILIARY
ENGINE TO FAN

XIAL FLOW FAN SUPPLIES
IR TO TRANSPORT AND

EJECT SEEDS, FERTILIZER,
AND OTHER DRY MATERIAL.

' |  LYCOMING 0-320
HYDRAULICALLY OPERATED
" ROTARY METERING GATE. 150 H.P AUXILIARY
OPERATED BY SWITCH ON ENGINE
CONTROL COLUMN. VARIABLE
SPEED TO CONTROL RATE OF
APPLICATION.

Fig., 36.
Distributor wing airplane (6)




GATE
CONTROL
MOTOR
GATE CYLINDER
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Fig. 37. ‘
- A standard distribution system for dry fertilizers from Q helicopter.
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Fig. 39.

System for injecting fertilizer solution into suctién line of a turbine pump (34).
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CASING *‘UD' CONTAINER
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Fig. 40, ‘
Using a pump to inject fertilizer solution into irrigation|line (34).
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Fig. 41.
Closed tank system for injecting fertilizer solution into pump discharge irrigation line (2).
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Fig. 42.
Aspirator system for injecting fertilizer solution into an irrigation line (11).
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