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NEWADANCS INNITROGEN FERTILIZATIOM1
 

y
 

Robert C. Gray, TVA 

k""ewn -th 'assigned topic. t New Advances in Nitrgen Fertilization" 

was xamnea'in 6' t'h n ito" nFrezalon ohr:tcs 


'was~" i thei other topics covered'ihis wek,, it appdared
i~ id "e'lat'ion to 


ath the best' approach wd be~'to discuss" some' of the methods 'of 'ni'ti6gen
 

fertilizer application. I 'the 'meithods to'be' mentioned 
 are in 'use, 'either 

conunercially, 'or experimentally, "and 6each' has advantages or disadvantag'e's " 

in specific situations. 

When crops 'are'fertilized with ni'trog&n"or any plant nu"trient there 

are,certain basic considerations to -be'met."' The fertilizer should ;be placed 

,in,th' soil'o"that it is available in 'theroot-'zonie-'f the-'crop; It should 

be appliedas'unifrmlyas"possible and in the quantities desired. : Tli&" 

'me~& f application should ensure-'that minimum'lIosses occur from 'volati'lization 

oi denitrification. Furhermore; the method, must n'ot cause injury'by the'
 

feriiizer to growing'plants. .' 

, The varying physical and,'ch'mical 'pirop6rtics of :'iitrogen 'fertilizers
 

create, a, need fo:r different iimes of'application "and placemient in the soil
 

'to meet the requirements'just'mentioned, Tofacilitate the discussion,
 

I sAal1 alk'aboui"liqdid and solid-nitrogen fer.iliierstsepa..ely.'
 

Presented by R. C., Gray,to the II Soils Colloquium, Sociedad 
'-Colomblana de la. Ciencia del Sueo, Palmira,,:Colombia, September 2,,,1971. 
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The liquid nitrogen fertilizers may be readily divided-into two
 

categories: those that must be stored and handled under pressure and those
 

that have low vapor pressure at normal temperatures. Anhydrous ammonia is
 

used as a nitrogen fertilizer in direct application and falls into the first
 

category. It must be handled in equipment that is capable of operating under
 

high pressures--over 14 kilograms per square centimeter at 380 C.--and must be
 

injected 15 to 20 centimeters deep in the soil to prevent loss from volatilization.
 

The equipment used to apply anhydrous ammonia to the soil consists
 

essentially of a supply tank, a metering,device, and knives to penetrate the
 

sil and place the material at the proper depth. The ammonia,is metered by
 

,adjusting a variable orifice and maintaining a constant speed across the
 

field. If it is desired to have the rate of application constant at variable
 

speed, a positive displacement pump driven fr9m the ground wheel of the 

applicator should be used.
 

pT etfn o hise ud to,injectthe ammonia into the 

, 
The typ~o knife or, chisel used o~it h 

'soii ;lldepend.on:the,,type of 1soil,and the amount of soil disturbance desired' 

,',(Figure 1), .,,The textur and ,moisturecontent of the soil alsoghavean 

influence,,mn retentio) ,o,,the ,ammonia.. rVery jet or-very: dry,soils and 

soils ;do ,not.closeafter,,the,applicator,has passed and ammonia
 

may leak out. Sandy soils may not have enoughclay content to completely
 

fix the ammonia and losses may occur. When properly applied, there should
 

berno ammonia odor at the soil surface immediately behind the applicator.
 

An experimental machine has-been builtthat will shoot anhydrous ammonia
 

A Iheavy,,textured. 

into, the soil surface at extremely high pressure. This makes itunnecessary 

to disturb the soil ,surface and is useful in pastures when the: furrows
 

formed by the applicator knives might be undesirable.
 

Anhydrous ammonia is used for direct application because it is'a low
 

cost form of nitrogen. Application requires sophisticated equipmeht~and.'
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a rather high level of competence in the operators It obviously does not
 

;lend'itself toall soil and~crop conditions nor to'small farming operations..
 

so-called nohpressur-n'itrogeh solutionsare 'somewhatreasier 
o
 

apply and require lower costh,7l diwght equipment.Power'requ'rements 

,
are'less than with anhydrous ammouia,
equipment 'because the nonpr'essure
 

solutions may be applied on the :soil surface. 
 ', 

1- i-The. same ,three elements lare 1present ii, theblnonpressure 'nitrogen solution 

a~plicatorias,'iin'the,' -mmna applicator--a, tank,' -a'metering device, (pum -

'inthis- case),, and deliveryinozzles. ;'The nozzles are arranged on a bdom, 

xandlthey spray the liquid nitrogen .uniformly:on:'theisoil surface.: The"
 

rate!-.6f ' application'is determined by the pump pressure, the si'ze of the','
 

,nozzles$ "and theforward speed. of, thelequilm6fit. If 'it is desired'to have 

ajn;application'rate ;independeit.of'the applicator spedd, -a 'positive dispIlacement 

pump driven' frdm:an' applicator wheekrmay 'be used,. " e ' 

not necessary-It-s for the applicator to'bVe truck-mounted. A tractor

drawn trailer applicator will work equally well 'in'the'fiela. It, ddes"' 

notas
rot 1easi'ly transport liquid nitrogen from ,the supply point'to the field
 

as a truck, however.
 

,The --tank and; spray pump-may "be placed on 'a' planter if it 'is , desired
 

to',a"pply th'e 1liquidnitrogen fertilizer in ,'brn'd along'the 'row. iall,Usil 


iavsqueeze' pumpiis 'dsed for row applicationO.' This is' basically 'ae'roller- ', 

pressing on 'a, plastic, hose and forcing the fertilizer-al.ng the"hose." ','
 

1 ,,-,;'Often Fliquid nitrogen fertilizers "
 are- usedJas c 'a rriers" for'herbici ae 

and insecticides. ,
This can be quite successful if care istaken'to'see-'^
 

that thd 'pesticido is thoroughly:'mixed with'the fertilizer and 
 that'he 
''typpof "application.-that,,i',PS'"surface broadcast or ban"ajpplied--is suitable
 

±', for boih, the fertilizer; and the 'pesticide.," 

http:fertilizer-al.ng
http:rate!-.6f
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If a crop is irrigated, it may be practical to apply liquid nitrogen
 

This practice isgrowing in popularity
fertilizers with the irrigation water. 


and is being used very successfully with both surface and sprinkler,irrigation.
 

The amount of fertilizer to be used with each irrigation setmust,
 

be calculated and a metering arrangement.set up to inject the,fertilizer
 

into the irrigation water at a uniform rate. In surface irrigation, the,
 

,injection of ,the fertilizer into the irrigation,,.water should beso,-timed
 

that the application isuniform and ,no,0nitrogen flows, off, the,,fiold.A,To2
 

,,this, the ,3terisallowed,Ato ,flow.about ,threefqurths of;the',way, across
 

the field before the injection,'of fertilizer s begun. flAll,,the:fertilizer
 

time,,the! water reaches the end ,of.the-field.,
 

Nonpressure,,nitrogen solution ,may,be,-metered into,the,irrigation water
 

sipply by,,letting it flow ,from a supply tank .under;a constant :,hydraulic
 

head. Anhydrous ammonia mybe,-introduced,into the irrigationwater through
 

.o,,a,sparger, with the: same -typq of metering Adevice described for anhydrous
 

should be inj ected by the -.


ammonia,application equipment..,
 

After.the fertilizer,injection is-,purned,off, water -iskept runningi;until
 

irrigation is completed.
 

If sprinkler irrigation cis used,, there must be .a,positive,pressure'
 

differential between,the fertilizer,sclution and,.the ,water,.in the -,irrigation
 

pipe. Injection of,,liquid nitrogen,fertilizer can begin when -,the irrigation 

water,is,first applied,and ,the.rate should botimed so that.irrigation ,, ,J 

will,continue,after,7the fertilizer injection, is stopped; to move the; fertilizer 

down,into the root zone. , 

'..,,yVhen a moving sprinkler irrigation,system is used, the fertilizer.,,,* 

jinjection must continue at all times while irrigation,water is being.applied. 

This requires very precise metering to,apply the required amount of;,nitrogen.
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Probably a positive displacement pump will be needed and a skilled operator
 

who knows how to adjust the metering pump to match the water application.
 

Much more n'itrogen fertilizer is applied in the dry granular or crystalline
 

form than in the liquid form. Uniform application of dry fertilizers has
 

always been a problem and development of application equipment has been
 

'directed toward "a' distributilonas 'well 'as"s'iviing labor.
 

PEquipment"for applying a dry nitrogen fertilizer requires a box or"
 

bin'for carrying the material,'ameteiin 'device to measure, out the .. rrect'
 

rate'Ifapplication,and "amechlanism for delivering th'e"fertilizer to 'the
 

desired location on or in the soil.
 

thesimplest equipment0for brOadcaiti.ng dry fertilizer is'a full width
 

distributor' (Figure'2)." This'is-a gravity flow distributor with a'suppiy
 

,'
hoppei' runnihg 'the lfull'width,of the spreader and an agitator above gate' 

openings. The agitator ensures an even flow of fertilizer with changilig 

"'IeVels' in the hopper'and wdill"crus'any lumps that'may be'present. 'The 

rate' b f1ow'is"det6imined by adjusting thesize of opening in the gates. 

'"'The 'agitator s'usually driven from one of 'the spreader iel~s." 

A simillar'mechanism may be used for row application of fertilizers 

''(Figu're 3).", Here the fertilizer is-channeled by tubing'into'a'furrow' 

"I.Andther 'method- of 'broadcasting dry fdrtilizer'is'to' use' a'spinnb'r. " 

-'(Fig e''4).' The'"ertilizer is moved frm' the supply hopper' by a'belt or' 

screw auger running along the bottom of the hoppr.''The'fertiliz'er <is'
 

mterd by 'an adjustable gate and dropped onto a raidly revolving;" pinner.
 

"Vahies- on the spinner scatter the6fertilizer more or less unifdi-mly behind
 

'the :spreader. 

Tle uniformity 6f"th'' broadcasting: depends on'sevoiral variables'.- Tin 

"or'dtal'spinners usually"give a"more tihiform distribu'tIton 'thah singlol spinners. 

The'speled'of 'rot"tio l'and-th 'ep' "pinnorio'it"n 'th's ivhore, the' strdani of

http:brOadcaiti.ng
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fertilizer falls are important. A uniform size of particle is essential.
 

since large particles travel farther than small ones (Figure 5). Careful
 

adjustment and careful operation are necessary to obtain a good broadcast
 

pattern.
 

An alternate1 system,uses a boom instead,,of ,aspinner., ,Ascrewauger'
 

or; a drag chain ,moves the fertilizer -from the ,discharge, chute, alon , the 

Sboon, and the, fertilizer drops from openings in the boom. - Both sides of-i 

,the boom must,receive-equal amounts of -fertilizer1and the openings -must,
 

be adjusted for the desired rate. , 

,i. Any of thesp,applicators may be tractor-drawn, or truc -mounted. Many 

different systems are used._for regulating ,the,rate'afid,distribution of", 

the fertilizer,., All pf ,them require ,a skilled,. careful ,operatorto achieve 

uniiform application.:... 

,.A fairly recent innovation has, been the development of high7flotation
 

equipment.. , The use of yery. iarge, ,low-pressuro, tires, permits operation
 

of this equipment on wet lands,., onrough: fields, and athigher speeds than
 

other equipment. The ground pressuro,exerted bya Jloaded,,vehicle is no
 

more,,than that under ,the foot of an, average man. These machines arevery 

expensive but permit working tnder unfavorable,conditions,and.are..capable
 
of-broadcasting ,fertilizers, ery..rapidly.. They can be-adapted for either
 

dry1or liquid fertilizers 

Where, surface, conditions ,are such,that ground application equipment 

cannot,be used,, aerial.,application may be practical. Rice.lands and steep 

hilly lands are examples. A venturi-type system may be used on fixed wing 

,,aircraft and a spinner-type .distributor.onahelicopter,(Figure,6).: It 

is difficult.to get, uniform, distribution,with. aerial ,equipment.- ,Air,tturbulenc( 

from propellers, and. wings ,upsct:the;,distribution pnttern.. Natural, ,air, . 

currents interfere also.
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In summary, it is hard?to ,get fully uniform application of dry nitrogen
 

fertilizers from most apol-ication-dquipment. The most uniform application
 

can be obtained when the materials are of uniform size and when the equipment
 

is properly calibrated. Application equipment must be maintained in good
 

operating condition and operators must% e'trained'in methods and procedures
 

•that will result in uniform application.,'
 

Uniform particle size becomes most Important when nitrogen'fertilizers
 

are applied inblends with other fertilizermaterials. When the fertilizer
 
flows into a bin or hopper, there is a teidency for the smaller particles
 

to accumulate in-the center and the large particles to roll to the outside.
 

When a gate in the bottom of the bin or hopper is opened, the material
 

in the center flows out first. If the nitrogen particles are ,iiill"Anid
 

the other materials large, the fir'st"material out will be higher in percentage
 

,of nitrogen than desired and that out last will be much lower than'desired.
 

,Theresult is a nonuniform aplication on the field. Uniform ,particlej
 

size can improve the even distribution desired.
 

Another development I might mention is the rapid incre'ase in custom
 

,application in the United States. The cost of the larger', more sophisticated
 

equipment has caused farmers to have fertilizer applied by the fertilizer
 

dealer. Often better equipment can be used, the operator becomes more
 

:'.skilled in the use of the equipment, and the farmer is relieved of the
 

'work,of,handling and applying the fertilizer.,, Hecan devote himself to
 

other necessary farming operations during the rush period at planting time.
 

Usually.the farmer specifies the kinds and rate of application of fertilizer
 

and, in'addition,, pays a specified amount per acre for the application.
 

I have eijoed being here this week and participating in your meeting.
 

I hope"I have'presented an idea or two that you'can use or adapt for your
 

work. Thank you.
 



CHISEL
 

, PSo,\ 

:. *. 
i'll 

BACK SWEPT FRONT SWEPT
 

FIGURE I 
APPLICATION KNIVES 



.IGUPE2 

11 fAV ITY FLOW~ FULL-WIDTH DISTRId3UTOR 



aF 

°*to 

t 

o 

.o % , 

BAND"APPLICATOR FIGURE3
WITH AUGER FEED SYSTEM 



,.s 

i
i " - . ., S"'"- ,, . " - " . .- . . ". ' 

•

, 

lop: ._ 

- S-

FIGURE 4
 
DUAL SPINNER H!GH FLOTATION EQUIPMENT
 



r ,, - , I, # , '/' .. " ' f - , I I 

125' , ) ',- " 

100 " 

,5 

0 

-2 ,;5- 1"o 

PARTICLE 
..... _ 

SPARTCLE 

'o 5 - 10 115,,,0 

SIZE+9 MESH
 

SIZE'.*9 MESHN
 

OF'FERIIE BY A DU AL SPNNRSPEAER 

BY A DUAL-"MCNTER SR D (F) 



'('IN 
IN 

a'; t 

44%, 

aell 

VETUI-,TP OaF"DITIW R, 



I-r 

GATE ,:" 
-CONTROL 

GAT"'CYLINDr 
TOHOPPER TO ADJLUST• FLOW 

.7 

j="="-7 j - - / 

SPINNER

, ,FIGURE
""'STANDARD HELICOPTER 

7 
DISTRIBUTION SYSTEM 

FOR' DRYFERTILIZERS




