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FERTILIZER APPLICATION EQUIPMENT 

Grotmd Operated Dry Fertilizer Distr:t butors 

Most fertilizer is applied in dry form through ground oper ted ·e uipment. 

There are many modifications of several types of fertilize appl cation 

systems. Some of the major types are discussed in this ch pter. 

Broadcast Application Equipment 

Equipment used to broadcast fertilizers may be classed as 1-w dth a::1.d 

greater than machine width. Full-width machines distribut lizer in 

a swath only over the width of the applicator. Applicator distribute 

fertilizer in excess of machine width in each pass are equ~pped ith lateral 
I 

I 

conveyors or spinners. Slater (28) reported the full-widtl} spre 

a plate-and-flicker type of mechanism was most used in Eng and 

On the other hand, trucks or trailers with spinners are pr the most 

popular type of broadcast equipment in the United States. r, much of 

this equipment is commercially owned. 

Spinner and Boom Type Spreaders--Machines which broadcast ~ertil4 zers in a 

swath greater than applicator width are of T:. e most 

popular type uses a spinner or spinners to distribute fertiliz.e!' which has 

been metered to the spinner(s). The spinner is also spin ing disc, 

fan·-ty-pe or centrifugal distributor. The other type uses boom extending 
! 

on one side or both sides of the applicator to distribute £1er~~-lizer. These 
i 

appl:i ca tors may be of the truck or trailer type. 
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Smaller units may have a 3-point tractor hookup, using an adjus .able gate 

and gravity feed. Some of these smaller units use an agi ator bove the 

gate. 

Most truck and trailer applicators use a chain conveyor d an djustable 

tail gate metering mechanism. An auger feed is used on plicators. 

Small trailer applicators use gravity flow through an adj stabl gate for 

metering material~ Chain conveyors are both the slatted rag-e 

and stainless steel belt type. Slatted drag-chain convey~rs ar not well 

suited for spreading low rates of fertilizers (12) more 

for applying soil amendments such as lime and gypsum. No , mas chain 

conveyors are made of stainless steel belts similar to th t sho in 

Fig. 1. To reduce corrosion problems, many manufacturers are u ing stain-

less steel for other spreader components such as the meteJing g its guides 

and adjusting screw, drive chains, hopper and metering di~ls. oxy coatings 

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

truck spreaders use a supporting shield above the uce weight 

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

I 

Conveyor belts must be uniform in thickness to have a cons~ant d'scharge 

of materials for a given gate setting. Also, belts with 'dely 

give an uneven flow of material. For a constant applicati 

conveyor speed must be geared to the applicator's grounds eed. 

ground drive the application rate decreases when ground sp 

The effect of ground speed upon rates of application for tfree t 

feed mechanisms is shown in Fig. 3. 

slats 

, the 

(13). 

es of 
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The rotary feed system consists of a fluted cylinder whi aces a 

given volume of material. Within the speed range tested, this ystem gave 

very good results while the drag-chain with an-adjustable gate as inter-

mediate and the gravity feed system with an agitator was east ccurate. 

These data emphasize that greater accuracy 

mechanisms are used. Even the rotary feed system is 

displacement and is inherently inaccurate because of var~ng 

fertilizers. 

lumetric 

sities of 

Truck units drive the chain conveyor by a hydraulic pump operated from the 

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

may be synchronized with the truck driveshaft rpm. Othe truck units drive 
i 

the conveyor from a drive wheel which contacts a ground wheel. A power booster 

is employed with some drive wheels to 
I 

furnish more power lfor high rates of 

application. Also, a 2-speed gear box is used on some spreaders to give a 

wide range of application rates. Others use interchange ble c ain sprockets 

to obtain this flexibility. 

I 

Trailer spreaders primarily use a drive wheel contacting lone o two ground 

wheels for the conveyor drive. However, ·some units use drive. 

Tractor-pulled trailer applicators and tractor-mounted a 

spread materials. The capacity of trailers generally va 

but smaller trailers are available. 

There are two types of truck spreaders: 
I 

One spreads material 
I 

the 

other blends and spreads. Truck spreaders range in capa 13 

tons. Blender-spreaders use two or three hoppers. Seve 
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spreaders also have a tank and separate distribution system for ni trog.en 
I 
I 

solutions as shown in Fig. 4. Also, liquid-dry trailer s reade s are 

widely used in Florida citrus groves. This unit is particularl suited 

to fertilizing citrus since many groves do not now require phos hate 

applications. Therefore, fercilizaLion may be accomplish d by sing 

nitrogen solution a_'1.d potash. 

A typical spreader unit h1 shown in Fig. 5. The chain bell t eyor 
I 

and liquid pumps are ground driven. Spinners are driven ically. 

Thus, granular fertilizer is distributed conventionally. lution is 

on each side of the trailer and a short fixed boom under he back of the 

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. 

the common conveyor by 

However, some units meter individufl mat 
I 

the use of fluted cylinders and adljustab 

tering 

conveyor 

belts 

rials to 

e gates 

(Fig. 6). The mixing is accomplished during conveyance tp the istributor 

(spinner or boom) .. 

Another modification of the blender-spreader is the use of a c in conveyor 

in the bottom of both compnrtments to deliver a metered of each 

material directly to a spinner. Rate of delivery is cont~olled by varying 
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gate openings from each compartment. Mixing the materials ~s ace mplished 

by a specially designed spinner. Unique characteristics of this ype of 

blender-spreader are shown in Fig. 7. 

As mentioned above, for applicators which spread material b t do ot blend 

fertilizers, conveyor speed of the blender-spreader should ed to the 

ground speed of the equipment. Also, the metering mechanis~ 
! 

! 

to ground speed to obtain uniform rates of application and ifo 

ratios during changes in ground speed. 

Spinner Distributors--Spinner distributors are used 

trailer, or truck mounted equipment. Both single and 2-spi ner 
! 

widely used on trucks and trailers. Spinners on truck sprejaders 
I 

by hydraulic motors powered from the power takeoff or by a auxi 

engine. Most spinners on trailer spreaders are driven fro the 

power takeoff. However, some trailer units use a 

spreader wheel and others use an auxiliary engine to power 

distribution. The auxiliary engine is more accurate from jhis s 

d be geared 

blend 

ch tractor, 

its are 

and the ground-driven spinner is least accurate. A fairlylconst t spinner 

speed can be maintained from the power takeoff drive when 

changes are made through gear shifting if the tractor does 

ground-drive power takeoff. 

The use of spinner distributors for blended 

segregation. When blending fertilizers, it is important t 
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distribution of particle sizes and particle density of ea h mat rial (18). 

Lower density particles tend to form narrower-patterns th.n mor dense 

particles. 

I 

The effect of particle size upon the distribution of gran¥lar 

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

of 50 percent by weight of minus 10 to plus 14 mesh parti les 

minus 6 to plus 8 mesh particles. Using a 30-foot spacin 
I 

rtilizer 

consisted 

d 50 percent 

rate of 

application of minus 10 to plus 14 mesh materiaL varied from ab ut 50 

pounds per acre to 250 pounds per acre. With the same s~~cing he rate 

of application of minus 6 to plus 8 mesh material ranged ~rom 1 0 to 200 

I 

pounds per acre. This plotted distribution pattern showstthe o timum 

spacing for the larger materials was too wide to give a g od pa tern 

for the smaller material. 
I 

A similar plot of fertilizer distribution from a 2-spinner 

spreader across a 34-foot swath is shown in Fig. 9. The ~ateri 

larger than 9-mesh size was applied at rates ranging aero 

from 25 to 45 pounds per acre. The variation of applicat 

a swath ranged from 30 to l30 pounds per acre for the mat 

than 9-mesh size. The 34-foot swath resulted in 

bution for larger particles but was too wide for smaller partie 

Two spinners may not necessarily give better distribution! than 

spinner ( 29) . 
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Certain adjustments on t.b..:;; spreader may be made to improve~ tho d" stribution 

pattern. An increase of the blade pitch or a decrease of rpinne speed will 

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

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

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

direction of spinner rotation to obtain later departure ofimater"al. Place-
1 

ment of fertilizer on spinners generally affect the distrir
1 

tion pattern as 

shown in Fig. 11. 

! 

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

found on spreader trucks. These spreaders use a boom extending o one or 

both sides of the spreader. The booms are optional attac~ents 

blender-spreaders and general purpose spreaders. Metering! of 

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

spreader. One type spreader directs the material to boomsi on 

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

tilizer 

spinner 

of 

moved across adjustable openings located at 6-inch intervals in he bboms 

! 

by an auger inside each boom. Other boom-type spreaders Ufe a d ag-chain 
I 

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

through long tapered openings or through small adjustable rpenin 

bottom of the boom. The latter type sometimes return a po~tion 

fertilizer for a· second pass along the boom. 

Blended materials of unmatched particle size tend to 
I 

segregate 'W 

distributors to about the same degree of nonuniformity as tith s 

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

with the drag-chain type booms where small adjustable open~ngs 

ged 

s in the 

f the 

th boom 

inner 

cle size 
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boom. However, with a siwilar conveyance with tapered ope n the 

boom, the greater portion of large particles is deposited he 

spreader. The auger boom conveyor carries a greater porti arge 

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

that obtained with a spinner distributor. 

Full-Width Distributors--Macr~nes which broadcast material in an area 

approximately the width of the hopper can be classified by of 

controlling flow of materials. It is convenient to place hese chines 

in three categories: 

1) gravity flow through adjustable gates, 

2) displacement feed mechanism, and 

J) a combination of 1 and 2. 

Spreaders of the gravity flow-type distribute fertilizer trough adjustable 

openings spaced along the bottom of the hopper. Hebblethw$ite d Pascal 

(14) reported the plate-and-flicker type of distributor is:most ammon in' 
' 

Europe. A sketch of this type dirtributor is shown in Fig~ 13. Material 
I 

flow is controlled by an adjustable gate opening and is sp ead rotating 

flickers throwing it from the revolving plates. 

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

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

of spreader is illustrated in Fig. 14. Several variationslin th design 

of the agitator are used. Agitators crush lumps and assis in o taining 

a uniform rate of feed with changing fertilizer level in h ppers (7). 

Agitators are commonly driven from a spreader wheel. 
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Broadcast distributors which meter fGrtilizer only by a di place ent 

mechanism usually use an auger or a fluted rotor feed syst m. T e 

important features of an auger type spreader are shown in ig. 1 This 

spreader is available in widths from 10 to 34 feet and has
1

a hoper capacity 
I 

of about 100 pounds per foot of hopper length. 

Most broadcast spreaders which use both adjustable opening and dis-

placement mechanism to meter fertilizer use moving belts o star wheels 

for displacement. The star wheel feed mechanism illustrat d in ig. 16 

is most commonly used. In this type of spreader, -fertilizJr is arried 

through gate openings on and between projection points of t,he wh el. The 

material carried through the gate on the wheel is scraped dff as the 
! 

projection points rotate back into the hopper. ion are 

adjusted by varying the gate opening, the speed of rotatio of t 

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

star wheel. 

I 

Southwell and Samuel (31) tested full-width spreaders of t~e gra ity flow 

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

Frilled urea (small, smooth spherical particles) with a bu den 

45.8 pounds per cubic foot and a somewhat coarse granular 
I 

a bulk density of 64.5 pounds per cubic foot were used in the st 

The rate of application varied considerably from the manufalcture 1 s 

quoted rate for a given machine setting (Table 1) •. Also, as 

the rate of application of each fertilizer was different fo similar 



operating conditions. But, for the displacement feed 

of application rate of 10-10-10 to urea wa~> about the sam 

their bulk densities. This again points to the inherent 'nacc 

volumetric feed mechanisms. These data indicate that infdrmati 

density of fertilizer would be useful in adjusting applicators 

10 

the ratio 

of 

bulk 

nominal application rate. Also, the manufacturer's sugge~ted a justments 

should be based upon the density of fertilizers •. 

In the test;; mentioned above, rates of delivery were at several 

time periods for pairs of openi~!g::J across the spreader. The re. ul ts could 

simulate expected variations down rows, between rows, and betwe n swaths 

across a field. The estimated variability across a hypot~etica field was 
i 

~ 24 percent from the mean rate with 

for the displacement-feed applicator 

the gravity flow mac1ine, 

and ± 18 percent for the c 

feed applicator (31). 

12 percent 

Hepherd and Pascal (17} tested the performance of several .distr'butors 

including the plate-and-flicker type. They found the var:i)ation trans-

verse distribution of material from the plate-and-flicker sprea to be 

about .:!: 50 percent of the mean application rate·. However, any 

receiving a low application rate was within 6 inches of 

a high application rate. The separation between areas of high pplication 

rate corresponded to the distance between flickers. This type f distribution 

is well within acceptable limits. However, distribution ~long of 
I 

this type of spreader may vary considerably especially on !rough (14). 

and then Bumping the spreader causes spillage of fertilizer from t9e pla 
: 

there is a time lag (filling of plates) before normal dis~ribut'on begins. 
I 
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Row or Band Application Equipment 

Most of the metering mechanisms previously discussed are also used on band 

application equipment. Augers, fluted rotors, belts (fabri:: and s ainless 

steel) and star wheels are used. Auger and fluted rotor fee~ mech nisms 
! 

are of positive displacement type. Rate of application wit ger 

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

changing sprockets on the auger shafts. One illustrated 

in Fig. 17. Some applicators use large hoppers and have reverse gers on a 

common shaft, which meter fertilizer from each end of the hdpper. 

application rate can be controlled in the fluted rotor syst~ by the 
i 

speed of rotor rotation. The main features of this 
system r 

Fig. 18. 

Both belt and star wheel feed mechanisms depend upon displacement and gate 

opening to meter fertilizer. These metering systems have been di 

in earlier sections of this chapter. Use of the belt feed ~ystem is 

increasing in the United States. 

The trend in band application equipment has been toward the use o larger 

hoppers to decrease the number of stops. However, bridging of th fertilizer 

has caused application problems in some equipment. Where p+antin is done 

on beds or ridges, there is increased use of band fertilize appl caters in 

conjunction with machines which prepare the ridges. Many b d fe tilizer 

applicators are now equipped with fiberglass hoppers. Some of th fluted 

raters are made of nylon and many of the gates, belts and other m talic 

parts are made of stainless steel. 
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Fluid Fertilizer Application Equipment 
I 

The discussion of fluid fertilizer application equipment vlrill i elude 

application of pressure and nonpressure solutions and suspensio s. Pressure 

solutions include anhydrous ammonia and solutions containing fr e ammonia. 
' 

The use of fluid fertilizers has increased rapidly in thellast e'W years, 
! 

especially in the United States and France. This rapid gro-wth as brought 

about many changes in application equipment. I 

Anhydrous Ammonia FAuipment 

Anl.tydrous ammonia is usually metered by one of t-wo methods. In one method 

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

meter -which has a calibrated plunger that moves in an ori~ice p 

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

ate. A 

ing is 

exposed bet-ween the orifice and the groove as the plunger move out from 

the orifice plate. Constant pressure is maintained on the ori ice plate 

by means of a diaphragm and spring device. This diaphragm mak 

possible to maintain a constant pressure that is not aff~cted changes 

of pressure in the applicator tank or by back pressure ftom th application 

knives on the orifice plate. Liquid from the orifice meter is directed by 

tubes to application knives. These knives are usually shaped n the form 

of curved s-words -which inject the ammonia 6 to 12 inches benea h the soil 

surface. T-wo paddle-shaped blades on the applicator cov~r the groove in 

the soil made by the knives. This type of metering 

upon speed of the tractor. If the application rate 

constant tractor speed must be maintained. 

systrm is 

is tf be 
I 

ependent 

iform, a 

One manufacturer fabricates a variable orifice meter -which has a governor 
i 

device attached to the diaphragm. He reports that this orifi e is not 
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dependent upon tractor speed. As tractor speed is varied the overnor 

device varies the spring tension on the diaphragm. The ~esult is a 

compensation in the ammonia flow proportional to the change in tractor speed. 
! 

Fig. 20 is a sketch of a piston-type metering pump--anot e of metering 

device used to control the flow of liquid 

applicator knives. Ground-driven through a system of sprocket has a 

double-acting variable stroke piston. The application rate is 

by varying the strokes of the piston. Incoming ammonia ~rom e applicator 
i 

tank is cooled in a heat exchanger consisting of pipes ~thin 

Liquid from the heat exchanger enters the piston through lthe i 
I 

The cylinder in which the piston moves is divided into t~o 

There is an inlet and a discharge valve in each compartment. 

of the cylinder discharges while the other is filling. 

is a delivery stroke for each stroke of the piston. As ~he pi 
I 

to the left, the righthand section of the cylinder fills.l The 

and liquid ammonia flows from the liquid he,der i valve opens, 

section of the cylinder. The movement of the piston to 

ne section 

ton moves 

the lefthand side of the cylinder to discharge through the out et valve 

which in this instance is open. Liquid discharged from ~he ou let valve 

expands and passes thiUugh the vapor side of the heat ex9hange • 

This vapor cools the incoming liquid from the applicator tank nd insures 

that liquid ammonia is delivered to the header. changes 

to the right the inlet valve closes, and this section of the c 

discharges into the outlet header. As the stroke continues to the right, 

the inlet valve in the lefthand section of the cylinder 4pens d the 
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I 

inlet valve closes. Liquid ammonia is then drawn into th~ left and 

section of the cylinder. The back and forth movement of the piston in 

the cylinder creates a constant metered flow of- ammonia to the pplicator 

knives. 

Broadcast Applicators 

Nonpressure solutions (no free ammonia) and suspensions a~e co only broad-

cast applied. Fig. 21 is a sketch of a truck equipped for bro casting 

fluid fertilizers. This truck has a single flooding-type Pressure 

on the nozzle is maintained by pressure in the applicator' tank. Air from 

through a spargerlmounted inside 

sparger agitates s. spension-type 

fluid fertilizers. The sparger is not necessary for clear liq ids. 

a compressor enters the applicator tank 

and near the bottom of the tank. This 

Application rates are varied by changing the size of the nozzle, speed of 

the truck or·height of nozzle from the ground. If a pressure of 20 - 30 

pounds per square inch is maintained in the tank, the pounds per acre 

applied remains relatively constant. This is because th:
1 

increase flow, 

due to increase pressure, is compensated by wider swath idth. 
I 

Fig. 22 shows another type of broadcast application truck for 

fertilizers. This- truck varies the pressure on the nozz1es by varying 

th9 ·amount of liquid recirculated to the applicator tank.. Liq 

pumped to the nozzles and recirculated by a centrifugal ti p. 

uses more than one nozzle. TVA tests indicate that when multi 
! 

are used, it is difficult to control overlapping of appHcatio by 

individual nozzles. When overlapping occurs, the rate of appl'cation is 

not uniform. These tests also show a more uniform application of fluid 

fertilizer can be obtained by using a single flooding no~zle. 
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Fig. 23 is a cut-away sketch of a slinger-type applicator! recently 
"' 

developed for the application of suspensions. An agitator 

of a sweeping baffle agitates the liquid in the applicator The 

slinger mechanism causes the material to be pumped from t~e app 

tank as it rotates. The applicator has been tested with ~7 t as of 

suspensions and has been satisfactory for applying even t~e mos 

difficult to handle. 

Row or Band Applicators 

Most liquids applied in the row are handled by some kind bf gra ity-flow 

system as shown in Fig. 24. This type of applicator has ~n air ight tank 
I 

with a vent pipe. A constant pressure is maintained at the plate 

independently of the height of the liquid in the tank. The disk 

metering head is composed of an orifice disk and holding device. The 

orifice disk usually has six graduated holes. The rate of liq d being 

metered 

hole in 

is controlled by the speed of the tractor and thel size 

the orifice plate. Many farmers find they can copvert 
! 

f the 

55-gallon 

drum to a constant head metering system instead of' purchabing p efabricated 

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 i stalled 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 ~~ate •. The orifice 

assembly is usually fabricated from a standard machine p~~e un~ n and has 
I 

a flat disk-type orifice plate. The union must be openedl and e orifice 

plate changed each time the application rate is changed to a de ree where 

it cannot be varied with tractor speed. 
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Positive Displacement Plunps 

Fig. 26 is a sketch of a typical piston-type metering pump for iquid 

fertilizers. Details of the operation of this·pump are s~milar to those 
I 

of the anhydrous ammonia metering pump, but this pump forlliqui 

fertilizers does not require a heat exchanger. Liquids tfat ha e a 

slight vapor pressure--such as aqua ammonia--also have be~n sat sfactorily 

applied with pumps of this type. 

Fig. 27 is a sketch of a squeeze pump used for row applic tion f liquid 

fertilizers. As liquid is squeezed from the rubber tubes· more liquid is 

drawn into them from the applicator tank. The quantity o liqu d delivered 
I 

' 

by the pump is varied by changes in the speed of the roll~rs as they pass 

over the tubes. The roller speed is changed by varying the gro d-driven 

sprockets of the drive to the pump. 

I 

Fig. 28 is a sketch of an internal gear pump--another typi posi 

displacement pump used to apply liquids, either in the ro or b 

This pump consists of a gear which revolves inside another gear 

motion of the gears provides positive pumping of liquid from th 

ive 

oadcast. 

The 

applicator tank to the application knives. The pump is u~ually ground­
i 

driven. Quantity of 

upon the shaft speed 

liquid delivered to the application rives is dependent 

of the internal gears. 

~ 
~ 

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

sketch of this pump. As the roller-impeller passes over the 

housing, it draws liquid from the applicator tank and delivers t to the 
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application knives. The q'J.antity of liquid delivered by the p is 

dependent upon the shaft speed of the roller impellers. these hafts can 

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

Applicators for Multiple Fluids 

Application systems where two or more fluid fertilizers are app ied 

simultaneously are used to a great extent in the United States. Usually 
I 

one of the fluids is anhydrous ammonia and the other is a 1 ammonium 

phosphate solution. In some instances phosphoric acid is 

One dual applicator used to apply fluid mixed fertilizer 

ammonia is shown in Fig. 30. Both fertilizers are injected int soil 

immediately behind the furrow cutter. The sweeps are used to c t roots of 

old stubble and prepare seedbed. Planting can then be dore wit a minimum 

of tillage. 

Aerial Application 

Use of airplanes in agriculture increased greatly after World W r II (16), 

Aerial application of fertilizer is mostly limited to cro~s or 

ground-operated equipment is not well adapted. In 1960, ~bout 
of fertilizer were applied by aircraft in the United Stat~s (4). 

reas where 

80,000 tons 

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 

I 

fertilizer for aerial application and large field sizes :as res 

application costs as low as 0.45 cents per 100 pounds pe acre. 

I 

ted in 
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Co~3t of applying fertilizer to rice with aircraft in the United States is 

about 0.8 to l cent per pound where relatively large vol~mes are concerned 

(1). Aerial application charges for fertilizing mountai~ous pEstures 
I 

where smaller fields and lower concentration of workload$ exis are from 

1.2 to 1.4 cents per pound when applying about 300 pounds per ~ere (8, 32). 

Johnson (19) reported a cost of about 2 cents per pound for ap lying 

nitrogen solution.at a rate of 140 pounds per acre on 70¢ acre of runway 

shoulders at an airport. 

The distribution of materials by aircraft is affected by airflbw 

resulting from the propeller slipstream and vertical airstream~ around 

each wing tip (35). The propeller slipstream carries material from right 

to left of the aircrafts 1 flight path because of counterplockwise rotation 
' 

the flight path (Fig. 31). 

carry mrteriaR away from of the propeller. The uing-tip vortices tend to 

Other major fac"':ors influencing the distribution pattern of materials are 

the size and design of the distributor and the feed mechanism. A positive 

feed mechanism from the hopper is extremely important fqr certain materials. 
I 

Roberts and Smith (24) found large variations in rate o~ flow with changes 

in hopper load as shown in Fig. 32 when a gate opening Jravit~ feed system 

was used. 

New Fixed Wing Agricultural Aircraft and Distribution Systems 
. I 

Some planes recently introduced for agricultural work ate the L-60 Brigadyr 

from Omnipol, the Agricola from Auster Aircraft, Ltd., tnd th Distributor 

Wing Agricultural Airplanes from Aerial Distributors, Iic. T~e Brigadyr 
' 
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I 

is equipped withfull-span interconnected slots on the le~ing edge of the 

wings (J). This airplane has a minimum true air speed o~ 40 miles per 

hour. The Agricola is the first aircraft specifically designs for 

spraying (J), The Distributor Wing Airplane is discussed in m re detail below. 

Venturi Systems--Most aircraft distributors use a venturi: syst In 
I 

these systems air is forced into a scoop and through a r:stric section 

to increase the velocity of flow. Materials to be sprea~ are 'njected 

into the duct at the point of maximum air velocity and forced hrough ducts 

which guide the particles in the proper direction and to the d sired point 

of injection into the airstream. A pictorial view of a typica single 

venturi distributor is shown in Fig. JJ, 
' 

I 

Modifications of the single venturi system include the dojble v nturi, 
I 

Swathmaster and Roth distributors. The Swathmaster is essenti 

venturi distributor designed as an airfoil. The airfoil has on the 

top surface through which materials are distributed into ,the (23). 

The discharge end of this type spreader usually measures labout 16 feet 

across. The Roth distributor has air vents on the botto~ whic act as 

scoops for additional ram air entry. It was especially design d to apply 

500 to 700 pounds of fertilizer per acre on cane fields in Haw ii (26). 

Distribution patterns developed from data of Nelson (23) with ingle 

venturi and Swathmaster distributors are shown in Figs. 34 and 35, 

respectively. 

I 

I 

Positive Energy Systems--The Agricultural Engineering Departme tat 

Mississippi State University designed an aerial distribution s stem with 



i 

an engine driven blower to give increase lateral velocity Ito the fertilizer 
I 

materials (24). The greatest velocity is at the throat--,ihere terials 

are usually injected--in the venturi system ana at the distribu or outlet 

in the positive energy system. The velocity imparted by the bl wer 

somewhat overcomes the adverse effects of propeller slipstream nd ejects 

material into the vertical airstreams 

better distribution and wider swaths. 

of the wingtips. T~e res 

In tests with powdJred 
• I 

! 

effective swath widths or flagging interval up to 120 feet are 

(24). Vertical airflow has less effect on granular particles t 

particles. However, effective swath widths up to 60 feet were 

with granular fertilizer from this positive energy distriltru.tor 30). 

The University of California, University of Wichita, and Aerial 

Distributors, Inc., built and tested a plane which uses the posi ive energy 

approach and distributes material through the aircraft wing (5) The 

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

drives a fan which forces air through the distribution system. Fertilizer 

is metered from the bottom of the hopper by a hydraulic m~tor d iven rotary 
I 

metering gate into the high velocity airstream. Guide vahes di tribute 

material along the full lenth of the flaps where it is discharg d through 

a slot over the trailing edge of the flaps (Fig.36). A portion of the air 

for the distribution system is directed over the ailerons to in rease 

their effectiveness (6). 

Helicopter Distributors 

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

limited the use of helicopters in applying fertilizers. In co tries 

where field size is relatively small, helicopters are accompli 
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greater portion of aerial application work than in the U. S. F r example, 

practically all aerial application work in Japan is done oy hel'copters 

(aJ) and the helicopter is the most popular typ~ aircraft used i the 

;Ti tish Isles (3) .' 

Gravity Feed Systems--A standard distribution 

fertilizer by helicopter is shown in Fig. 37. 

system to sJread 

Fertilizerlflows gravity 

feed from the saddle hoppers through adjustable gates in each d ct onto 

a spinning disc driven by an electric motor. 

Another type distributor uses a spillplate under each hoprr in place of 

a spinner or rotating disc. The spillplates are curved s · milar to a 
I 

I 

moldboard plow. Particles dropped on the plates are disp~rsed. The 

dispersal is also aided by additional airflow directed from the cooling 

shroud of the helicopter to the spillplate. 

Positive Feed System--One positive feed distributor uses ~he sa dle-type 

hoppers with an auger to transfer and meter material fromlthe 
I 

hoppers to a spinner. The auger and spinner may be driven by 

motor or separate motors. Hydraulic motors are more satisfacto 

gasoline engines or electric motors. It seems to be more 

drive the auger and spinner from separate power sources. 

than 

A distributor operating on the same principle of delivery is sh wn in 

Fig. 38. This type system was started by a firm in Sweden but's being 

developed by a flying service firm in the northwestern United S ates. 

The entire distributor is hung from the hoist hook on the helic pter to 
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get dust \-rell below the helicopter to reduce corrosion. auger 
I 

(driven by a hydraulic motor) deposits material on a spinner. 

spinner and auger are driven by separate motors, the speed of' ea h may be 

varied depending upon the rate of application, swath width desir d, and 

material used. 

Hydralllic lines from the helicopter to the distributor contain ick 
I 

disconnect couplings for fast changing. By using two of these stributors, 

one hopper is filled while the other is in use. A helicopter ca almost 

continuously spread fertilizer with this system. -Representative of the 

firm developing this distributor hope to be able to apply fertil zer for 

about 1.5 cents per pound. 

Application Through Irrigation Systems 

Most fluid and water soluble dry fertilizers are suitable for ap lication 

through irrigation systems. Ammonia solutions are applied in fl oding or 

furrow systems. However, excessive ammonia volatilizationjoccur 

annnonia solutions when applied through sprinkler systems (~5,21) 

annnonium nitrate and ammonium phosphate solutions may be applied 

satisfactorily through either irrigation system. 

from 

Urea-

Uniform distribution of fertilizer over the soil surface wnen ap lied in 
! 

irrigation systems is determined by water distribution andladequ te 

mixing. The first factor is influenced by the design of t~e sys em, the 

rate of water application versus the infiltration rate intd soil and· in 

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

factor is influenced by the method or point of injection of fert'lizer 

solution into the irrigation system. 
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To ensure proper mixing in an open ditch system, the solution 

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

action in the stilling basin will cause proper-mixing. With enclosed 
i 

system, injection of the solution into the pump suction }ine o into the 

discharge line ahead of pipe elbows or tees will providelthoro h mixing. 
! 

Injection Systems 

Anhydrous ammonia and other fluid fertilizers may be metered f om a nurse 

or applicator tank. Ammonia metering is accomplished through systems 
. ! 

discussed in the section on ammonia application Oquipmenf. ection of 

ammonia solutions is made through a sparger positioned ih the itch water. 

Other commercial fluid fertilizers or dissolved dry materials re metered 

into ditch water by a constant-head supply 'tank and orifice s' lar to that 

described in the section on fluid application equipment. er constant 
I 

pressure system uses a pressure regulator and high press~e cr,y inders of 

gaseous nitrogen to maintain a constant pressure on the roluti n suppl7 tank. 

! 

Inj acting solutions into sprinkler systems requires a res sure 

differential between the solution and water in the sprinkler 1 

Booher (9) reported that at least 23 companies manufacture eq 'pment for 

injecting fertilizers into sprinkler pipes. Injection srstems may be 

classified into four types: 1) injection into pump suct~on li e, 2) injection 

into discharge line through an auxiliary pump, 3) inject~on into the dis-

charge line from a closed tank by maintaining a pressure diffe ential, and 

4) an aspirator used to suck the fertilizer solution into the ipeline. 
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A system for injection into the suction line of a turbine ~ump i 

illustrated in Fig. 39. This system uses a shutoff valve betwee the 

fertilizer supply tank and the suction pipe to control the rate f 

fertilizer solution flow. A line from the discharge pipe ~ay be used 

to supply water to the mixing tank to dissolve solid 

similar system may be used to supply solution to the 

centrifugal pump (34). 

ferti~izers 
sucti~n pip 

A 

of a 

One method of injecting fertilizer solution into the discharge l ne of 

an irrigation pump is to use a small high pressure pump to :obtai · the 

pressure gradient necessary for injection. The principles tf ope ation 

of this unit are shown in Fig. 4o. A positive displacement pump operated 
I 

by a self-contained·water motor is usually used. An extraipower source 

is sometimes used but units may be operated from the drive shaft of the 

irrigation engine. Disadvantages include the requirement Gf com nents 

with moving parts and the contact of corrosive concentrated solu ion 

with moving parts. Martin (22) reported one case of pump ~topp 

12 hours of pumping ammonium nitrate solution, Relative cfrrosi 

solutions to certain metals is shown in Table 2. 
! 

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

metering solution .into the discharge line is accomplished by ere ting a 

pressure differential across the supply tank. Allred and oy (2) 

discussed the method shown in Fig. 41. Shearer and Jackso (27) illus-

trated the use of a shutoff valve in the main line between the i take and 

outlet points of the solution tank to gain a pressure different! across 

the tank. Other devices used to create a pressure differential 
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points in the irrigation pipe are coupler, elbow, gate olr butterfly valve, 

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

amount of fertilizer when the supply tank is emptied andi tlic: total amount 

of fertilizer applied per unit area can be accurately controlled. However, 

the concentration of fertilizer in the irrigation water varies during 

the period of application because of the continual dilution o fertilizer 
i 

solution in the supply tank. Advantages of the closed r simplicity and freedom from moving parts. 

Cook, et. al. (11) described an injection systemvhich depends upon a 

pressure reduction in the irrigation line but does not use a 

A portion of the water from the irrigation pipe is bypassed 

aspirator, creating suction that draws fertilizer solutilon in 

line (Fig. 42). A pressure reducing device located in ~heir 

between the two points of connection gives a pressure di:ffere 

causes injection of solution into the irrigation line. 

tank. 

rough an 

o the bypass 

igation pipe 

Bryan and Thomas (10) studied the effectiveness of an aL~xilia pump 

and a closed tank system for introducing fertilizer sol~tions 
irrigation water applied with a sprinkler system. They lconcl 

reasonably unifor.m concentration of fertilizer was dist~ibute through 

the systems and that fertilizers were applied to soil as unif 

the irrigation water. 
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Table 1. Variation in Application Rate for- Two 
Three Types of Spreaders (31). 

1 1 Nominal 
Type of :1 Rate 

Distributor Setting Urea 

Gravity flow 

Displacement 

Combination 

Lbs./A. 

112 

137 

136 

336 

114 

136 

Fertil~zer::l f-iith 

Actual Rate 
10-lOrlO 

Lbs./A. 

2lp 

17p 

1917 

1/ I 

- Gravity flow type machine controlled flow rate by a~justaple 

openings in bottom of spreader, displacement type spreads~ 

used an auger feed mechanism, and combination used a star 

wheel displacement mechanism with adjustable gates. 

29 
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Table 2. Relative Corrosion of Various Neta.l Sheets after 4 D.l f:I.YS of I.mmersion 
in Solutions of ColiiDlercial Fertilizer9 ( 22). 

Corrosion Ratinrr s.V 
Fertilizer Solution Galvanized Sheet Stainle$3s Ph pspho- Yellow 
Solutions pH Iron Aluminum Steel; Bt--onze Brass 

Calcium Nitrate 5.6 2 No No 1 1 

Sodium Nitrate 8.6 1 2 No No No 

Ammonium Nitrate 5.9 4 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)~ 7.3 2 1 No 4 4 

I 

No - none, 1 - slight, 2 - moderate~ 3 - ponsiderable 
1/ 

Corrosion ratings are: 
and 4 - severe. 

~I 
A commercial mixture of ammonium sulfate, 
sulfate. 

I 

diammonium phosph$te, a~d potassium 

~ 
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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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GRAVITY FEED 
WITH AGITATOR 

33 

SLATTED DRAG-CH IN 
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Fig. J 
Effect of ground speed on application rA.te for three feed mechRD sms (13). 
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Fig. 4 I 

Two hopper blender-spreader truck equipped to apply nitr~gen s lutions. 
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Effect of particle size on distribution of 1 

fertilizer qy a single spinner spreader (1$). 
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PLACEMENT ON SPINNERS SPREAD PATTERN 

Fig. 11. 
Spread pattern of fertilizer as 
influenced by placement on spinners (29). 
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Fig. 13. 
Plate-and-flicker spreader. 
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Fig, 14. 
Gravity flow spreader w1· ·th · t an agl a tor. 
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Auger feed broadcast spreader. 
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Star wheel 
Fig. 16 

feed ty · pe broadcast spreader. 
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VARIABLE ORIFICE 
METERING ASSEMBLY 
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TO APPLICATOR KNIVES 

Fig. 19. 
Variable orifice meter for anhydrous ammonia applicator. 
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Anhydrous arnrnonia metering pump. 
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Fig. 21. Truck mounted pneumatic operated broadcast applicator for fluid fertilizers 
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Fig. 22. Truck mounted hydraulic operated broadcast applicator for fluid fertilizers. 
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Fig. 26. 
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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Rate of flow from a gravity feed hoppbr 
as influenced by hopper loads (24). 
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Distribution pattern of fertilizer from a 
single-venturi aircraft distributor (23). 
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Fig. 35 
Distribution pattern of fertilizers from a Swathmater aircra t distributor (23). 
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A standard distribution system for dry fertilizers from ~ heli opter. 
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Fig. 39. 
System for injecting fertilizer solution into suction line of a tur ine pump (34). 
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Fig. 41. 
Closed tank system for injecting fertilizer solution 
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Fig. 42. 
Aspirator system for injecting fertilizer solution into an irrigation line (ll). 
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